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ABSTRACT 
LOCAL DENSITY PARAMETERS WITH RESPECT TO POWDER METAL 
SINTERING PROCESSING 
 
 
Jungu Kang 
 
Marquette University, 2019 
 
 
Mapping of local density fractions and a mathematically approximated density 
fraction model of sintered powder metal were studied in this research. Specimens were 
studied utilizing an image analysis software, HCImage, and local density fraction maps 
were acquired for each sintering condition. A regression function of sintering 
temperature, sintering time, radius and depth was then derived from the local density 
fractions. The experimental procedures including specimen preparation, image analysis, 
and data analysis are demonstrated in detail within this research.  
Through the local density maps and the regression function, two objectives were 
sought as follow: 
 
1. Determination of the density fraction gradient that is closely related to 
mechanical properties such as strength and hardness. 
2. Prediction of the density fraction by sintering temperature and sintering time 
from the regression function. 
 
 The first objective pertained to the relationship between theoretical approach and 
experimental result. A specific theoretical approach including derivation, initial and 
boundary conditions as well as contouring a density fraction gradient map is detailed. The 
gradient map of specimens for each sintering condition were investigated via an optical 
method as well. The relationship between the theoretical and the optical methods was 
examined. 
 Continuing with the prediction that can be used to estimate the density fraction in 
a specific sintering condition, linear regression methods for second order functions were 
developed.  
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Chapter I Introduction  
 
 
A. Overview  
 
 
 Powder metallurgy is a net shape manufacturing process during which a variety of 
metals such as steel, brass, copper, and bronze are compressed and sintered to create 
application specific metal parts. This technique is utilized for automotive, biomedical, 
aerospace, energy, and computer industries to produce desired characteristics of 
powdered metal gears, medical implants, heat shields, and fuel cells [1, 2]. Since many of 
these products are made complete through the powder metallurgy process, the costs can 
be reduced with no further manufacturing. This is called “net shape manufacturing” 
where the initial part of production provides a good grade of finish that is close to the 
final shape [3]. Also, it doesn’t require highly skilled operators and has high production 
rates because of the use of automated equipment. However, it is expensive to install the 
equipment and the cost usually can be saved only when it comes to mass production. 
Moreover, the size of the product may be limited due to the capacity of the equipment 
and it is difficult to produce a uniformly dense product, especially as the complexity of 
the part increases. 
 
 
 
Figure 1. Basic conventional powder metal process [4] 
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 The basic 5 steps for the conventional powder metal process consists of powder 
preparation, mixing and blending, compacting and ejection, sintering, and finishing as 
shown in Figure 1 [5]. The first step is powder preparation. There are 4 main methods 
used in powder production: solid-state reduction, atomization, electrolysis, and chemical 
reactions [6, 7]. In solid-state reduction, raw materials are crushed and put in a furnace. 
The carbon and oxygen from the materials are reduced in the furnace that results in a 
cake of sponge metal which is crushed again. After non-metallic materials are separated, 
the remaining product is sieved. The purity of the powder is decided by the purity of the 
raw materials. In atomization, molten metal is dropped from a furnace and atomized by 
high-energy jets of gas or liquid which impact the metal. The disintegrated metal is 
frozen before it contacts with any substance. This method is used typically for the 
production of metals that can be melted like iron, copper, brass, aluminum, lead, and 
tungsten. Another method, electrolysis can be used by selecting suitable conditions such 
as electrolyte composition and concentration, temperature, and current density. High-
purity and high-density powders can be obtained with additional processes such as 
washing, drying, annealing, and crushing. At last, the chemical reaction has 3 different 
treatments that leave a variation in properties and appearances. Oxide-reduction treatment 
is known as “spongy” because pores are often observed within individual particles. 
Solution-precipitated processes can provide higher density and higher purity. Thermal 
decomposition is usually used for carbonyl that can have over 99.5% purity after milling 
and annealing [6]. 
 A single powder may not achieve the requisite mechanical properties which is the 
reason why powders from different raw materials are generally alloyed to form a final 
part [8, 9]. A wide range of materials may be blended or mixed so that the powder 
compact can have uniformity. Therefore, it is important to manage the powder 
characteristics since these affect many process parameters. Blending is used when the 
powder metal has the same chemical composition but different particle sizes. On the 
other hand, mixing refers to powders of dissimilar chemical compositions being used. 
This is also an important benefit of the powder metal process because unique alloys can 
be produced which are difficult to be produced by other means. Some additives are added 
to aid the process such as lubricants, binders, and de flocculants. Lubricants like stearates 
of zinc and aluminum are introduced to reduce friction in compaction, to lessen ejection 
forces, and to minimize any damage in ejection. Binders gives higher strength in some 
cases. De flocculants inhibit the powders to be agglomerated for improved flow 
characteristics in the next steps [10].  
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Figure 2. Compaction processes: (1) Filling, (2) Initial compaction, (3) Completed 
compaction, and (4) Ejection [10] 
 
 
 In compaction, the powders are compressed to be formed in specially designed 
shapes. The conventional method of compaction consists of filling, initial compaction, 
complete compaction, and ejection as shown in Figure 2. The cycle begins with the die 
being filled with the mixed powder. Once filled, the upper and lower punches compress 
the powder into the die shape. After the compress is completed, the upper punch 
withdraws and the lower punch ejects the pressed compact. As a result of the compaction, 
powder particles are cold welded which is called the green part. Typically, a green part 
can be handled but it is easy to be broken because the particle bonds created during 
compaction are small and weak. Additionally, many pores exist in the green compact. 
Therefore, a thermal treatment process is required to increase the strength and density 
such as sintering [11]. In some pressing operations, such as hot isostatic pressing (HIP) 
compact formation and sintering occur simultaneously. Through this process, high-
temperature and high-strength parts such as turbine disks for jet engines can be shaped. 
The product is made by hot-pressing which lowers the pressures required to reduce 
porosity. Thus, the product can be compressed to higher densities than with cold pressing, 
resulting in higher strength.  
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Figure 3. The three stages for sintering: left: Initial stage, center: Intermediate stage, 
right: Final stage [12] 
 
 
 Sintering is a heat treatment of a powder compact to increase compact strength. 
Before sintering, it is necessary to remove all the lubricants or any undesired additives 
that were included in the process and burn any vapors that affect the strength of the bond 
between particles. This heat process must be carried out with a non-reactive gas or in a 
vacuum to prevent oxidation. If oxidation occurs, it inhibits the diffusion of atoms from 
one powder particle to another. Then, with the temperature below the melting point of the 
metal, bonding takes place in 3 steps as shown in Figure 3 [12]. First, the particles start 
softening and become reactive. Second, those particles diffuse into each other and at last 
strong mechanical bonding is formed between the particles. To be specific, since necks 
and grain boundaries appear, contact area between particles is increased in initial stage. 
The density in this stage is around 60% to 65%. In intermediate stage, with more 
sintering time applied, a larger contact area is seen and pore channels are formulated 
along the grain edges. The density may go up to 90% at this stage. For the final stage, the 
pores shrink and grains grow bigger so the density is over 90% [13, 14]. The sintering 
process can be controlled by time, sintering temperature, and the furnace atmosphere 
which influences the density of the final part. After the powder metal has finished 
sintering, some secondary operations may be applied such as repressing, impregnation, 
and infiltration. Repressing is to provide more accurate dimensions of the components. 
Oil or copper impregnation is performed to make the surface free from pores or improve 
machinability. Infiltration is used to enhance strength or to make the part gas or liquid 
tight [8].  
 Powder metal properties and chemical composition used for this research is listed 
in Table 1. The powder metal had 0.6-0.8% C, 0.15-0.30% Mo, 1.0-3.0% Cu, 0.05-0.30% 
Mn, 1.3-1.7% Cr and others. The average of the maximum and minimum percentage of 
each composition was used to calculate actual density as shown in Table 2. 
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Table 1. Chemical composition and mechanical properties of FLC2-5208 [20] 
 
 
Table 2. Theoretical density of powder metal 
FLC2-5208 Fe C Mo Cu Mn Cr Density(g/cm3) 
Density(g/cm3) 7.8 2.26 10.22 8.96 7.43 7.19 - 
Minimum (%) 96.05 0.8 0.15 1 0.3 1.7 7.759 
Maximum (%) 94.75 0.6 0.3 3 0.05 1.3 7.801 
Average 95.40 0.7 0.22 2 0.18 1.5 7.780 
 
 
 Ultimate strength was 105-120*103 psi, yield strength was 90-100*103 psi, % 
elongation was less than 1 %, Young’s modulus was 18.5-20.5*106 psi, Poisson’s ratio 
was 0.27, Charpy impact energy was 9-11 ft*lbf, and HRC was 27-30. The designation 
code HT means that the powder metal had been heat-treated such as sinter hardened or 
quenched and tempered [21]. 
 
 
B. Problem Statement 
 
 
 Conventional powder metal part production consists of the consolidation of metal 
powders in a closed die.  During consolidation and subsequent ejection from the die, 
density gradients are often formed within a part. Once ejected from the die, the part 
undergoes a thermal treatment called sintering to bond the powder particles into a solid 
body. Non-uniform density causes the end product to have non-uniform mechanical 
Chemical Composition FLC2-5208 
Fe (%) Bal. 
C (%) 0.6 - 0.8 
Mo (%) 0.15 - 0.30 
Cu (%) 1.0 - 3.0 
Mn (%) 0.05 - 0.30 
Cr (%) 1.3 - 1.7 
Mechanical Properties FLC2-5208-85HT FLC2-5208-95HT 
Ulimate Strength (103psi) 95 105 
0.2% Yield Strength (103psi) 85 90 
% Elongation (-) <1 <1 
Young’s Modulus (106psi) 16.5 18.5 
Poisson’s Ratio (-) 0.25 0.27 
Charpy Impact Energy (ft*lbs) 7 9 
HRC (Rockwell) 23 27 
Density (g/cm3) 6.6 6.8 
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properties and may cause dimensioned distortion. Mapping is desired to characterize the 
evolution of density and its changes as a function of the thermal treatment that the part 
undergoes [5]. 
 Higher temperature sintering provides improved mechanical properties due to 
increased diffusion levels but is more expensive than conventional sintering practices. 
Improved furnace design is required to reduce the process variations, energy costs, and 
maintenance problem associated with higher temperature sintering. Tooling friction at the 
preform-tool interface plays a large role in the densification process. Interface friction 
opposes densification and in effect causes a forging “pressure drop”. Die wall velocity 
profiles also affect friction and densification patterns. For these reasons, internal density 
of a powder metal component may have large variability. 
 
 
C. Past Research 
 
 
 Past researchers have performed a variety of experiments to find relationships 
between density and significant process factors. For example, how the mechanical 
properties such as tensile strength, yield strength, % elongation, impact strength, and 
hardness are affected by sintering temperature for various powder metal parts was 
studied. Usually, as sintering temperature is increased, the mechanical properties are 
improved due to the part having closer interparticle bonding and increased densification. 
Thus, enhanced mechanical properties of ferrous powder alloys such as iron-silicon 
alloys and corrosion resistant stainless steel can be obtained with high temperature 
sintering [15]. Also, relationships between the porosities and the elastic-plastic 
mechanical property were investigated. Equation I-1 shows a correlation between a 
mechanical property and the density [16]. 
 
 
Equation I-1 : 
௉
௉బ
ఘ
ఘబ
௠
௠
 
P = Actual mechanical property 
P଴ = Pore − free mechanical property 
ρ = Actual density 
ρ଴ = Actual mechanical property 
χ = Porosity of a sintered metal 
m = Sintering condition constant 
 
 
 The effects of particle-particle and particle-wall friction in compaction process 
was studied based on the discrete element method (DEM). The results showed that the 
particle-wall friction mainly affected the deformation stage but the particle-particle 
friction had an effect on initial particle re-arrangement stage [17]. Simulation of powder 
metal hot forging densification was researched to estimate tooling loads and stresses and 
to determine preform and finisher tooling design feasibility. It was found that that tooling 
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friction at the preform-tool interface plays a large role in the densification process and 
interface friction opposes densification and in effect causes a forging “pressure drop”. 
The friction effects and residual porosity can be minimized by designing the tooling 
geometry properly [18].  
 
 
D. Objective of This Research 
 
 
 It is well known from previous studies that the density of a powder metal can be 
affected easily by the applied pressure and die-wall friction during the compaction 
process. However, even though there is the fact that applied pressure and die-wall friction 
cause density gradients, there are few studies of how they play a role to density 
formation. In addition, even if the global density reaches the required standard, some 
local areas may have some deficiencies. Therefore, a local density map can be obtained 
with actual specimens in order to show the density gradient through the cross section of a 
specimen and to give information to observe pore distribution. If an area has pores, the 
area may have degraded mechanical properties such as hardness, strength, and impact 
energy locally because the pores result in a lower density. Table 3 demonstrates the 
relationships between porosity and mechanical properties of Fe-10Cu steel [21]. Yield 
strength, tensile strength, HRC, and impact energy have lower values at higher porosity 
percentages. Impact energy most sensitively dropped down to 11% of porosity. 
Therefore, this research focuses on finding an optical method in order to determine a 
local density map.  
 
 
Table 3. Porosity effects on mechanical properties for Fe-10Cu  
Porosity, (%) 8 11 20 
Carbon Content, (wt.%) 0.3 0.3 0.7 
Yield Strength, (MPa) 810 655 380 
Tensile Strength, (MPa) 830 690 395 
Elongation,  
(%) 0.5 0.5 0.5 
Hardness,  
(HRC) 43 40 25 
Impact Energy,  
(J) 9 <1 <1 
 
 
 It is also important to study how sintering parameters such as time, temperature, 
and the local positions act on local density. This is because the powder has different 
global densities depends on the sintering time and temperature. Thus, a regression model 
with the sintering parameters was approximated in this research. Table 4 shows total 9 
different sintering conditions that used. Three different temperatures were used: 870°C, 
960°C, and 1035°C; and three different times were used: 20minutes, 60minutes, and 
120minutes. 
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Table 4. Experimental variables of time and temperature for sintering 
Time / Temperature 870°C 960°C 1035°C 
20min. 1 4 7 
60min. 2 5 8 
120min. 3 6 9 
 
 
E. Organization of This Thesis 
 
 
 In order to achieve the objectives of this research, the outline and detail 
procedures are explained in following chapters. Chapter II describes how to prepare the 
specimen and how to obtain and analyze the image data. Chapter III presents the results 
of the image analysis, local density contour maps, and correlation between density and 
sintering parameters. Contour maps are also shown to compare the density differences for 
each data sets. Conclusions and future work are provided chapter IV. 
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Chapter II Experimental Procedure  
 
 
A. Metallographic 
 
 
 i. Specimen Preparation  
 
  Bushing shape specimens were used in this research. These were used 
because they are a relatively simple cylindrical shape and tooling was readily available. 
The detail dimension of the specimen is shown in Figure 4 and the designed model is 
shown in Figure 5.  
 
 
  
Figure 4. Dimension of Bushing 
 
 
 
Figure 5. Bushing specimen 
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  This bushing specimen was cut in half to examine its cross-section for the 
local density map. For the cutting, Mega-M300 machine as shown in Figure 6 was used 
with following sequence [22]. The specimen was secured with two vices in the cutting 
chamber and a manual wheel was pulled down to cut the specimen. All operations were 
controlled by the control panel. When the specimen was cut, the abrasive wheel was fed 
at a slow speed to minimize damage on the specimen. Also, coolant liquid was applied 
during the cutting process to prevent the specimen from overheating which can cause the 
specimen to have unexpected mechanical properties. 
 
 
 
Figure 6. General description of Mega-M300 [22] 
  
 
  The cut specimens were put into ‘Hevi Duty Electric Co.’ furnace to burn 
additives such as lubricants and binders from the compaction process for 20 minutes at 
480°C(900°F). Since the specimen can easily acquire undesirable conditions such as 
oxidizing, neutral, reducing, hydrating, and carburizing [19], an ammonia base 
atmosphere was applied to protect the specimen from those conditions. From the 
ammonia gas, dissociated ammonia can be produced by thermal cracking which extracts 
desired gas by breaking molecular bonds. Through the thermal cracking, ammonia gas 
produces 75% hydrogen and 25% nitrogen as Equation II-1. 
 
 
Equation II-1 : ଷ ଶ ଶ  
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  Hydrogen protects metal from oxidizing during high temperature heat 
treatment by bonding with H2O. In addition, dissociated ammonia is one of the most 
economical options in the case of batch or continuous heat treatment processes [23]. It is 
important to wait until smoke disappears from the furnace which means all the additives 
were removed. Then, one of the half-cut specimens was cooled down to room 
temperature and the other half was placed separately for sintering. The former specimen 
was a raw specimen and was used to compare the density for before and after sintering 
with the other sintered specimen. The specimen for sintering was put in a foil bag, which 
was used to protect the specimen from oxidizing, because the furnace for sintering wasn’t 
connected with the ammonia gas. One ‘Hevi Duty Electric Co,.’ furnace specialized for 
high temperatures (1400°C ≈ 2600°F) was used for sintering. 9 specimens were sintered 
for 20 minutes, 60 minutes, and 120 minutes with 870°C, 960°C, and 1035°C each.  
  During the sintering process, a thermocouple from ‘Fisher Scientific’, 
which can measure between 200°C and 1370°C with a resolution of 0.1°C, was used to 
ensure the quality of furnace as shown in Figure 7. The thermocouple consists of two 
wires of different compositions joined together at a tip. Temperature can be calculated as 
it is proportional to the difference in voltage which can be measured by putting the other 
end tip into the furnace [21]. The sintering temperatures are recorded within ± 10°C error.  
 
 
 
Figure 7. Thermocouple for measuring sintering temperature [24] 
 
 
  Succeeding the sintering process, the actual density of the sintered and 
unsintered specimens were measured by Archimedes’ principle, Equation II-2, which is a 
method for determining the density of compacted/sintered powder metallurgy products 
[25].  
 
 
Equation II-2 : 
஺∗ఘೢ
஻ି஼
 
ρ is the calculated density 
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A is the mass of the dry specimen 
B is the mass of the oil impregnated specimen 
C is the mass of the oil impregnated specimen with immersing in water 
ρ௪ is the density of distilled water 
 
 
  Table 5 shows the density of distilled water for several temperatures and 
23.0°C (0.9975 g/mL) was used for this research. 
 
 
Table 5. The density of distilled water through different temperatures 
Temp(°C) Density(g/mL) Temp(°C) Density(g/mL) 
20.0 0.9982 20.5 0.9981 
21.0 0.9980 21.5 0.9979 
22.0 0.9978 22.5 0.9977 
23.0 0.9975 23.5 0.9974 
24.0 0.9973 24.5 0.9971 
25.0 0.9970 25.5 0.9969 
26.0 0.9968 26.5 0.9966 
27.0 0.9965 27.5 0.9963 
 
 
 
Figure 8. Balance for Archimedes' principle 
 
 
  A Mettler Toledo AM/PM balance with a resolution of 0.001g was used 
(Figure 8). In addition, a beaker for containing water, a rectangle support, a flat bar, and 
two supports for the flat bar were prepared before measuring. The mass of the powder 
compact was measured (mass A). The powder compact was impregnated with a 
designated oil (Kinetic viscosity is around 20-65 cSt at 38°C) at 82°C ± 5°C for 4 hours. 
After this, the immersed specimen in oil was cooled down at room temperature for 20 
minutes. When the excess surface oil was wiped away with an absorbent, the mass of the 
oil impregnated specimen was measured again (mass B). The specimen was carefully 
immersed in water and the mass was recorded (mass C). One actual example for 
measuring density is shown in Figure 9. 
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Figure 9. Weighing the specimen for each stage 
 
 
  Then, each specimen was sectioned with the abrasive cut-off machine 
(Figure 6) with care being taken to avoid overheating the specimen. The specimen was 
mounted with Acrylic resin powder which is one of two typical methods for mounting: 
Acrylic and Epoxy. Acrylic resin has a small amount of shrinkage and fine quality of 
mounting properties with relatively short curing times whereas Epoxy resin has the 
lowest shrinkage but longer curing time [26]. The cut specimen placed in the center of 
mounting cup which has the flattest side to reduce grinding time. Then, LECOSET 100 
Powder and LECOSET 100 Liquid, which are for the Acrylic mount, were mixed with 
ratio 2:1 and it was poured into the mounting cup. The acrylic resin was taken out from 
the cup after it was fully solidified. A total of 9 specimens were mounted as shown in 
Figure 10. Each number indicates its sintering condition which can be found in Table 4. 
 
 
 
Figure 10. 9 different mounted specimens for each parameter 
 
 
  Grinding was applied on the resins by a belt grinder until ground flat and 
the edges were beveled as shown in Figure 11.  
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Figure 11. Resin shape of ground flat and beveled edges [27] 
 
 
  Then, abrasive sandpapers from 240 to 600 grit were used as shown in 
Figure 12. The grinding process was run at low speed with water to avoid excessive 
heating of the specimen.  
 
 
 
Figure 12. Roll grinder from 240 grit to 600 grit sandpaper 
 
 
  Since some edges of the specimen may have lost mass during cutting, the 
specimen was ground with 240 grit first until scratches cover the surface of the cross 
section in one direction. Then, the specimen was turned 90 degrees and ground by 320 
grit until new scratches replaced the scratches from previous grit. The specimen can have 
only one direction of scratches to assure that the finer ground surface is exposed. These 
steps were repeated for 400 grit and 600 grit. The ground specimen was polished with 
1.0µm alumina (Al2O3) through the ‘MetaServ250’ polishing machine as shown in Figure 
13 [28].  
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Figure 13. MetaServ 250 polishing machine 
 
 
  Polishing was performed at low speed to avoid excessive heating on the 
specimen and to prevent pores from distortion. To begin, polishing powder (1.0µm 
alumina) was applied on the polishing wheel with a small amount of water to create a 
paste. Over saturation can happen with too much water. Then, the wheel rotated counter-
clockwise and the specimen was rotated clock wise by hand on the paste. This was done 
until the quality of the surface was high enough to observe its microstructure through a 
microscope. In other words, polishing was done when all the scratches were removed 
from the surface. However, excess polishing may smear the powder compact and etching 
enlarges pores and causes an overestimation of the porosity. Therefore, the specimen’s 
surface was visually checked for every 3 rotations to avoid excess polishing, and etching 
was skipped in this research [19, 28, 29]. Since the same pressure was applied on the 
specimen, even if pores were distorted, they were relatively the same. 
 
 
 ii. Operation of the Microscope 
 
 
  The microscope for metallurgy is similar to the common microscope such 
as for biology or medicine. One difference is that a metallurgy image is acquired by 
reflecting the light from the specimen when the normal microscope transmits the light 
through the specimen. The reflected light from the surface is magnified through the 
objective lens and the eyepiece to produce a final image [27]. This is because metals are 
opaque. They must be illuminated from the front and therefore the source of light is 
located inside the microscope tube [30]. The diagram of the path of light in a 
metallurgical microscope is described as Figure 14.  
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Figure 14. Ray diagram for metallurgical microscope [31] 
 
 
  The whole area of the cross section was divided into multiple pictures and 
a rectangle area was defined to analyze the local density. The order of taking 
microstructures is expressed in Figure 15. Spot 5.2 software was used to take pictures and 
HCImage was used to analyze the pictures [32, 33], as will be discussed in the next 
section. 
 
 
 
Figure 15. Sequence of taking microstructure  
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Table 6. The number of pictures for each specimen 
Specimen Number  
(Sintering Condition) 
Number of Pictures 
(1) 
Number of Pictures 
(2) 
1 (870C 20min) 240 208 
2 (870C 60min) 232 200 
3 (870C 120min) 232 200 
4 (960C 20min) 200 200 
5 (960C 60min) 200 200 
6 (960C 120min) 232 200 
7 (1035C 20min) 200 192 
8 (1035C 60min) 224 200 
9 (1035C 120min) 208 208 
 
 
  Table 6 shows the different number of pictures taken within the specimens 
because the number of rows were different while columns were fixed at 8. When moving 
the specimen to take the next row of pictures, the upper picture and lower picture had a 
small common area. The size of the area varied which could change the total number of 
rows.  
 
 
B. Image Analysis 
 
 
 i. Stitching 
 
 
  When photographing the last row of specimens, the pictures of the last 
row had overlapped regions with the upper pictures. Thus, those pictures had been 
stitched to analyze all parts of the specimen and to avoid detecting the same area twice. A 
stitching software ‘AutoStitch’ was used and this software uses the Gaussian function, 
Equation II-3, to perform edge detection which is a group of points where the Gaussian 
function with two different sigmas have the same value. When the blue line in Figure 16 
is 0, the points are the results of the edge detection. An example image of edge detection 
is shown in Figure 17.  
 
 
Equation II-3: (Gaussian Function): 
ଵ
ଶగఙమ
ିೣ
మశ೤మ
మ഑మ  
x = The distance from the origin in the horizontal axis 
y = The distance from the origin in the vertical axis 
σ = The standard deviation of the Gaussian distribution 
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Figure 16. Difference of Gaussians with different σ [34] 
 
 
 
Figure 17. Edge detection with an image of Lena Söderberg 
 
 
  After edge detection is performed, each pixel is focused to figure out 
whether it is a local extreme point by comparing it with its 8 neighbors. The local 
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extreme point is a potential key-point which is represented in the local area and is 
compared with other local extreme points from other images. Figure 18 shows an actual 
example that the bottom region of (a) and the top region of (b) had the same local 
extreme points, (c) and (d). These pictures, then, were stitched in one picture as (e). This 
process was repeated for all overlapped pictures. 
 
 
 
Figure 18. Diagram of stitching 
 
 
 ii. Analysis Software Setup 
 
 
  The local pictures were analyzed by an image analysis software 
‘HCImage’ that provides a wide range of image analysis methods [33].  
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Figure 19. Overview of HCImage control panel [33] 
 
 
  Figure 19 shows the basic functions of the software. To begin with, 
‘Enhance’ function was used to improve the resolution and quality of pictures so that 
pores can be detected more accurately. ‘Sharpen’ which is one of the enhancement 
methods was used in this research to increase the contrast between each pixel and its 
surroundings [33]. An example of the sharpen function is shown in Figure 20. 
 
 
 
Figure 20. Before and after the Sharpen enhancement 
 
 
  Then, a binary image was created by the ‘Identify’ function. This function 
detects pores with a thresholding or segmentation method. Some algorithms were 
programmed in the software as auto-thresholding such as ‘Mean’, ‘Minimum’, 
‘Intermodes’, and ‘Percentile’. To minimize any subjective conditions, the pore detection 
was performed with these algorithms. The identified binary images can be adjusted 
through the ‘Modify’, ‘Draw’, and ‘Qualify’ functions. However, these functions were 
21 
 
 
not used in this research because the best modification is often no modification as well as 
all images should be analyzed in a similar manner.  
 
 
 iii. Measuring Pores 
 
 
  ‘HCImage’ provides a lot of measurement options as shown in Figure 21, 
but AREA and FILLED_AREA fields were selected to measure pores and to calculate 
the pore fraction by Equation II-4. AREA field gives the total size of a picture and 
FILLED_AREA field gives the detected pore area by the identifying algorithms which 
are minimum, intermodes, mean and percentile.  
 
 
 
Figure 21. Measurement options [33] 
 
 
Equation II-4 : 
ிூ௅௅ா஽_஺ோா஺
஺ோா஺
௉௢௥௘ ஺௥௘௔
்௢௧௔௟ ஺௥௘௔
 
 
 
 An example calculation by minimum from the 9th picture at 870°C 20 minutes is 
shown below. The total area had 192000 pixels and the pore area had 20149 pixels. 
 
Pore fraction: 
ଶ଴ଵସଽ
ଵଽଶ଴଴଴
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C. Data Analysis  
 
 
 i. Simple Moving Average and Validity  
 
 
  There are two purposes of performing Simple Moving Average (SMA) 
[35]. One is to minimize the effect of random outliers and the other one is to have the 
same size of contour maps. Since the pictures taken include non-pore defects such as lens 
dust, second phases, and thin scratches, it can be assumed that the pore fraction had been 
calculated higher because of those unexpected spots. In addition, some pictures can be 
outliers which have extremely high number of the non-pore defects because of different 
angle of light reflection. Therefore, SMA, Equation II-5, was computed in order to reduce 
the effects of outliers. Figure 22 shows that the data set had smoother variances by SMA 
with n=3. 
 
 
Equation II-5: ௠
௡௘௪ ஺೘ା஺೘శభା⋯ା஺೘శ೙
௡
 
 
  
Figure 22. Example of before and after SMA 
 
 
  The other purpose is to have the same size of contour maps for each 
specimen. This can be obtained by calculating an SMA number n for each specimen as 
shown in Equation II-6. Total rows can be obtained from Table 6 by dividing 8 from the 
total picture numbers. 
 
 
Equation II-6:  
 
 
  After SMA is applied, the pictures of each specimen had the same scale of 
8x20 pictures. Then, image analysis was performed twice for each sintering condition. 
The average of the density fractions by the first analysis was OM1 (optical method #1), 
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the second average was OM2 (optical method #2), and the average of Archimedes’ 
Principle was AR. 90% confidence interval of OM1 and OM2 was computed and 
compared to AR in order to investigate the validity of the optical method. 
 
 
 ii. Modeling a Regression Function  
  
 
  A regression model can be used for estimation, prediction, calibration, and 
optimization. In this research, the modeling process was performed to determine a 
regression function for estimating the optical data sets and predicting future values. A 
model can be set to fit the model to the experiment data with any function of the form as 
shown in Equation II-7. Each variable (xi) in the function is multiplied by a coefficient 
(βi) where one coefficient is used as a constant which doesn’t correspond to a variable. 
All of the terms are summed [36]. 
 
Equation II-7: ଴ ଵ ଵ ଶ ଶ ௡ ௡  
 
  From the measured optical data sets, relationships between the determined 
density fraction, f(x), and each parameter were obtained to estimate the local density 
fraction maps. If a figure shows variable (x1) has an exponential relationship to the result, 
the variable can be added as a term in the function as exp(βx1). Then, an initial model can 
be completed while repeating the relationship evaluating process for each variable. After 
a model is determined, the coefficients of the variables are computed with the linear least 
squares regression method to set the regression function. Each coefficient can be 
evaluated with a p-value. If the p-value is over 0.05 which is the standard significance 
level, the coefficient should be removed or the model should be adjusted by forward or 
backward approximation. This process is repeated until the function describes the data 
within an acceptable error criterion. Two stepwise regression methods, backward and 
forward, were used. The backward method begins modeling with full variables. Then, 
variables that don’t fit to the model are removed from the regression model until it 
reaches the best model while the forward method begins modeling with an empty model. 
It adds variables one by one that can express the data with the required accurate level. 
  However, even though the regression function shows a strong relationship 
with the measured data sets, the function cannot be considered as the actual relationship 
of the variables. The causality between the variables must be established from outside the 
data sets such as with theoretical considerations. Then, the regression analysis can help 
confirm the relationship [37]. In this research, a density formula, Equation II-8, from 
German was selected as the theoretical function where Pa is the applied pressure, µ is the 
coefficient of friction, α is a proportionality factor, z is the depth and D is the diameter. 
 
Equation II-8: ௔
ିସఓఈ௭
஽
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 iii. Theoretical Density Fraction Modeling  
 
 
  A lot of relationships between compaction pressure and density have been 
studied. However, it is difficult to generalize the relationships as one function because 
there are a large number of parameters that affect the relationship such as powder 
characteristics which include particle size, shape, and surface finish. There are two main 
approaches for modeling the pressure-density relationship: micro mechanical method and 
macro mechanical method. The micro mechanical method focuses on interactions of 
particle to particle and particle to wall while the macro mechanical method treats the 
powder volume as a continuum. In this research, Laplace equation was used as a macro 
method as shown in Equation II-9 [38]. 
 
 
Equation II-9: ଶ
డమ௉
డ௥మ
௛మఈ
௥
డ௉
డ௥
డమ௉
డ௭మ
 
 
 
  Some assumptions were used for the compaction process. First, it was a 
steady state system which is independent from time. Second, the die wall was rigid. 
Third, the punches moved at a slow rate so that dynamic effects could be neglected. At 
last, there was no thermal effect considered. Then, P(r, z), where r = radial distance and 
z = depth distance, was introduced in Equation II-9 with initial and boundary conditions 
as following.  
 
 
Initial condition:  
(1)  
 
Boundary conditions: 
(2) ௔  
(3) ௔  
(4) (ଵ,௝) ௔  
(5) ௔  
 
 
  Initial condition (1) is for when time = 0, boundary condition (2) is for the 
top of the specimen where the pressure (Pa) is applied, (3) is for the central axis which is 
a function of the depth, z(j), (4) is for the wall surface which is affected by the wall 
friction and (5) is for the middle of the specimen which is a function of the radial distance 
[38].  In detail, the equation for (3) was from Equation II-8 which can be obtained by 
taking the balance of forces as shown in Figure 23 and following equations. The pressure 
was applied from the top surface and die-wall friction acted on the side wall. 
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Figure 23. The balance of forces during die compaction [19] 
 
 
  Normal force, Fn, is expressed in terms of the applied pressure, Pa, 
compact diameter, D, a proportionality factor α, and thickness dh. Then, the die-wall 
friction force, Ff, is obtained by multiplying the coefficient of friction µ. 
 
 
௡ ௔  
௙ ௔  
 
 
  The pressure difference between the top and bottom dP = P − 𝑃௕ is given 
by combining the die-wall friction force, Ff, and the specimen area A. After integrating 
both sides, Equation II-8 is obtained [19]. 
 
 
௙ ௔  
௔  
 
 
  Then, with the given initial and boundary conditions, Laplace equation can 
be solved by the finite difference approximation as shown in Figure 24. The indices i and 
j were used to indicate the direction of radical, r, and depth, z, and the distances between 
each grid point are expressed as Δr and Δz. 
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Figure 24. Finite difference approximation for the PDE [38] 
 
 
  From Laplace equation, the second partial derivatives and the first partial 
derivative were approximated by the central difference and the backward difference 
method respectively in the following equations: 
 
 
𝜕ଶ𝑃
𝜕𝑟ଶ
=
𝑃௜ାଵ,௝ − 2𝑃௜,௝ + 𝑃௜ିଵ,௝
∆𝑟ଶ
+ 0(∆𝑟ଶ) 
 
𝜕ଶ𝑃
𝜕𝑧ଶ
=
𝑃௜ାଵ,௝ − 2𝑃௜,௝ + 𝑃௜ିଵ,௝
∆𝑧ଶ
+ 0(∆𝑧ଶ) 
 
𝜕𝑃
𝜕𝑟
=
𝑃௜,௝ − 𝑃௜ିଵ,௝
∆𝑟
+ 0(∆𝑟) 
 
 
  Assuming that Δr = Δz, then Laplace equation can be expressed as: 
 
 
ℎଶ𝛼
𝑃௜ାଵ,௝ − 2𝑃௜,௝ + 𝑃௜ିଵ,௝
∆𝑟ଶ
+
ℎଶ𝛼
𝑟(𝑖)
𝑃௜,௝ − 𝑃௜ିଵ,௝
∆𝑟
−
𝑃௜ାଵ,௝ − 2𝑃௜,௝ + 𝑃௜ିଵ,௝
∆𝑧ଶ
= 0 
 
𝑃௜,௝ =
(ℎଶ𝛼)𝑃௜ାଵ,௝ − 𝑃௜,௝ାଵ − 𝑃௜,௝ିଵ + (ℎଶ𝛼 −
ℎଶ𝛼∆𝑟
𝑟(𝑖) )𝑃௜ିଵ,௝
(2ℎଶ𝛼 − 2 − ℎ
ଶ𝛼∆𝑟
𝑟(𝑖) )
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  Finally, this equation was solved by the Gauss-Seidel method, which is an 
iterative method to solve a linear system of equations.  
  Since it is known that the pressure in powder compaction is proportional 
to the density in Equation II-10 by a study of R.W. Heckel [39], the results of Laplace 
equation (pressure) can be compared to the regression function (density). 
 
 
Equation II-10: 
ଵ
ଵି஽
ଵ
ଵି஽బ
 
 
 
Equation II-11: ି(௄௉ା஺) 
   
 
  Where D is density, P is pressure, and K is material constant. K value for 
iron is 1.73*E-03 psi-1 and A is 0.79. Then,  
 
Equation II-11 can be expressed as Equation II-12. 
 
Equation II-12: ି൫ଵ.଻ଷ∗ா
షయ∗௉ା଴.଻ଽ൯ 
 
 
 iv. Contour Maps  
 
 
  A contour line is an imaginary line that connects points of similar values.   
Then, contour maps, which consists of different contour lines, can be provided by the 
density fractions from the optical method and the regression formula. The contour maps 
express not only the density fractions but also the steepness of the slope (or gradient) of 
the density fractions by the distance of each contour line and filled color. In this research 
brighter colored areas (yellow) indicate higher density and darker colored areas (blue) 
indicate lower density. Also, x-axis represents the radius from the origin and y-axis 
represents the distance from the top surface where the pressure was applied. The 
computer programming software MATLAB was used for contour maps in this research. 
The functions of ‘contourf’, ‘contourcbar’, and ‘caxis’ were used to specify the contour 
characteristics [40]. Figure 25 shows a density fraction contour map at 870°C 20 minutes 
and the legend of functions and for other sintering conditions can be found at Appendix 
C.  
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Figure 25. A contour map and MATLAB functions 
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Chapter III Results 
 
 
A. Validity  
 
 
 The validity of the optical method was investigated by comparing the actual 
density fraction. The actual density fractions were measured by Archimedes’ Principle 
and the average of the local density fractions were identified by an optical method. A 
total 9 different sintering conditions were used as listed in Table 4 from Chapter 1.  
 
 
Table 4. Experimental variables of time and temperature for sintering 
Time / Temperature 870°C 960°C 1035°C 
20min. 1 4 7 
60min. 2 5 8 
120min. 3 6 9 
 
 
 i. Archimedes’ Principle  
 
 
  Equation II-2 was used to calculate the actual density values. Mass A, B, 
and C were obtained experimentally where the density of distilled water was fixed as 
𝜌௪ = 0.9975
𝑔
𝑐𝑚ଷൗ , which is at room temperature (23°C).  
 
 
Equation II-2: 
஺∗ఘೢ
஻ି஼
 
 
ρ is the calculated density 
A is the mass of the dry specimen 
B is the mass of the oil impregnated specimen 
C is the mass of the oil impregnated specimen with immersing in water 
ρ௪ is the density of distilled water 
 
 
  For example, the density value of the specimen sintered at 960°C, 20 
minutes (Specimen #4) was 6.759 g/cm3 with A = 22.225g, B = 22.571g, C=19.291g. 
  
 
௪
ଷ 
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  Since the density development is related to the mechanical properties such 
as strength and elongation, the actual density values of unsintered specimens were set as 
a baseline and the density differences between unsintered and sintered specimens were 
investigated. Table 7 shows the density values and Table 8 shows the density differences 
between the unsintered and sintered specimens. 
 
 
Table 7. Density for the unsintered and sintered specimens by Archimedes' principle 
 
 
 
Table 8. Density difference between the unsintered and sintered specimens 
Sintered 
Specimen # 
Sintered Density  
(g/cm3) 
Unsintered Density 
(g/cm3) 
Difference 
(g/cm3) 
1 (870°C 20min) 6.765 6.768 -0.007 
2 (870°C 60min) 6.759 6.755 0.004 
3 (870°C 120min) 6.827 6.755 0.072 
4 (960°C 20min) 6.759 6.768 -0.009 
5 (960°C 60min) 6.830 6.786 0.044 
6 (960°C 120min) 6.929 6.791 0.138 
7 (1035°C 20min) 6.792 6.784 0.008 
8 (1035°C 60min) 6.905 6.778 0.127 
9 (1035°C 120min) 7.003 6.759 0.244 
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 The higher density densification occurred for longer time and higher temperature. 
This is because the longest time and the highest temperature (1035°C 120 minutes) shows 
the biggest density difference as 0.244g/cm3. However, the density didn’t change with 
short sintering time at a lower temperature like before 60 minutes at 870°C and before 20 
minutes at 960°C. This implies that it is required to have a specific sintering time at low 
sintering temperature until the density densification is initiated.  
 
 
 ii. Optical Method  
 
 
  The pore fraction of each picture was computed by 4 algorithms: 
‘Minimum’, ‘Intermodes’, ‘Mean’, and ‘Percentile’. The density fraction, then, was 
obtained by subtracting the pore fraction from 1 as Equation III-1. Example density 
fraction calculations for the algorithms were computed with a sintered specimen at 960°C 
20 minutes (specimen #4) as shown in Table 9. 
 
 
Equation III-1:  
 
 
Table 9. Analysis result of sample specimen 
Type Algorithm Total Area Pore Area Pore Fraction 
Density 
Fraction 
1 Minimum  307,200,000 7,680,653 0.025 0.975 
2 Intermodes 307,200,000 16,896,268 0.055 0.945 
3 Mean 307,200,000 56,832,435 0.185 0.815 
4 Percentile  307,200,000 105,984,490 0.348 0.652 
 
 
  The results from the 4 algorithms were compared to the actual density 
fraction, Table 10, in order to find an algorithm that can give the closest density fraction 
to the actual one. The actual density fraction was calculated by dividing the actual density 
by the theoretical density.  
 
 
Table 10. Actual density calculation for specimen #4 (960C 20 min) 
Sintered 
Specimen # 
Mass A  
(g) 
Mass B  
(g) 
Mass C  
(g) 
Density  
(g/cm3) 
Fraction 
(-) 
4 22.225 22.571 19.291 6.759 0.869 
 
Actual Fraction =  
𝐴𝑐𝑡𝑢𝑎𝑙 𝑑𝑒𝑛𝑠𝑖𝑡𝑦
𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑑𝑒𝑛𝑠𝑖𝑡𝑦
=  
6.759 𝑔 𝑐𝑚ଷൗ
7.780 𝑔 𝑐𝑚ଷൗ
= 0.869 
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  Since none of the algorithms have the density fraction close to the actual 
value, combinations of those algorithms were performed as shown in Table 11. The 
average density fractions from each combination were computed. The least difference to 
the actual density fraction is 0.011 with a combination of (2+3) which means the 
combination can estimate the density fraction the closest. Therefore, the average density 
fraction of ‘Intermodes’ and ‘Mean’ algorithms was used for each picture. Then, Simple 
Moving Average (SMA) was applied to all specimens to make the contour maps have the 
same scale as 8x20 and to minimize the effect of non-pore area. Table 12 shows the result 
of SMA at 870C 20 minutes; data for other specimens can be found at Appendix A.  
 
 
Table 11. Algorithm combinations 
 
 
 
Table 12. Total 160 pictures and fractions after SMA at 870°C, 20min. 
   
Combination Minimum(1) Intermodes(2) Mean(3) Percentile(4) Average value Difference
1+2 0.975 0.945 0.960 0.091
1+3 0.975 0.815 0.895 0.026
1+4 0.975 0.652 0.814 -0.056
2+3 0.945 0.815 0.880 0.011
2+4 0.945 0.652 0.799 -0.071
3+4 0.815 0.652 0.734 -0.136
1+2+3 0.975 0.945 0.815 0.912 0.043
1+2+4 0.975 0.945 0.652 0.857 -0.012
1+3+4 0.975 0.815 0.652 0.814 -0.055
2+3+4 0.945 0.815 0.652 0.804 -0.065
1+2+3+4 0.975 0.945 0.815 0.652 0.847 -0.022
1 2 3 4 5 6 7 8
9 10 11 12 13 14 15 16
17 18 19 20 21 22 23 24
25 26 27 28 29 30 31 32
33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48
49 50 51 52 53 54 55 56
57 58 59 60 61 62 63 64
65 66 67 68 69 70 71 72
73 74 75 76 77 78 79 80
81 82 83 84 85 86 87 88
89 90 91 92 93 94 95 96
97 98 99 100 101 102 103 104
105 106 107 108 109 110 111 112
113 114 115 116 117 118 119 120
121 122 123 124 125 126 127 128
129 130 131 132 133 134 135 136
137 138 139 140 141 142 143 144
145 146 147 148 149 150 151 152
153 154 155 156 157 158 159 160
Picture Order After Merging
0.8914 0.9027 0.8971 0.8999 0.8952 0.8863 0.8691 0.8516
0.8896 0.9012 0.8964 0.8987 0.8947 0.8859 0.8646 0.8487
0.8890 0.9014 0.8970 0.8972 0.8946 0.8858 0.8624 0.8484
0.8856 0.9003 0.8967 0.8989 0.8954 0.8871 0.8620 0.8478
0.8834 0.8993 0.8968 0.8982 0.8931 0.8872 0.8645 0.8500
0.8824 0.8987 0.8960 0.8952 0.8912 0.8865 0.8655 0.8507
0.8773 0.8992 0.8961 0.8930 0.8893 0.8851 0.8641 0.8549
0.8752 0.8969 0.8949 0.8911 0.8871 0.8843 0.8675 0.8578
0.8742 0.8948 0.8937 0.8877 0.8847 0.8824 0.8679 0.8565
0.8732 0.8915 0.8931 0.8860 0.8832 0.8787 0.8676 0.8551
0.8716 0.8904 0.8916 0.8856 0.8822 0.8767 0.8693 0.8531
0.8696 0.8897 0.8905 0.8855 0.8818 0.8773 0.8727 0.8542
0.8672 0.8877 0.8898 0.8861 0.8807 0.8753 0.8764 0.8540
0.8658 0.8843 0.8897 0.8878 0.8821 0.8713 0.8739 0.8501
0.8698 0.8833 0.8891 0.8856 0.8806 0.8683 0.8706 0.8478
0.8658 0.8815 0.8882 0.8849 0.8807 0.8668 0.8663 0.8452
0.8621 0.8791 0.8866 0.8833 0.8770 0.8632 0.8655 0.8425
0.8612 0.8744 0.8844 0.8839 0.8760 0.8615 0.8628 0.8407
0.8605 0.8735 0.8841 0.8841 0.8771 0.8619 0.8598 0.8410
0.8529 0.8705 0.8840 0.8846 0.8768 0.8630 0.8593 0.8423
Fractions of Each Position
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 iii. Validity  
 
 
  The density fractions by Archimedes’ Principle and the optical method 
were obtained in previous sections. With the results, the average value of the 8x20 
pictures (OM1 and OM2) and 90% confidence interval of each specimen were calculated. 
The actual fraction (AR) was calculated by Actual Fraction =  ஺௖௧௨௔௟ ௗ௘௡௦௜௧௬
்௛௘௢௥௘௧௜௖௔௟ ௗ௘௡௦௜௧௬
. 
 
 
Table 13. Actual density fraction and confidence Interval 90% of the optical method 
 
 
AR:   Archimedes’ Principle, actual density fraction 
OM1:   Optical Method 1, global density fraction 
OM2:   Optical Method 2, global density fraction 
Average:  The average value of OM1 and OM2 
Std dev:  The standard deviation value of OM1 and OM2 
CI 90:   90% confidence interval value of OM1 and OM2 
Lower 90:  Lower bound of CI 90 
Upper 90: Upper bound of CI 90 
  
 
  Table 13 shows that all the AR values are placed in between lower 90 and 
upper 90 values. Therefore, the optical method of taking the average of Intermodes and 
Mean algorithms can be used for local density fraction maps with a 90% confidence 
interval. 
 
 
B. Regression  
 
 
 A regression function was derived with the density fractions from the optical 
method. Sintering temperature, sintering time, radius, and depth were set as variables for 
the regression model because the density fractions were affected by the parameters. SPSS 
statistics software was used for the regression analysis. The detail analysis results can be 
found in Appendix B. 
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Table 14. Model summary and coefficients modeling with backward method 
Model Summary (First order backward) 
Model R R Square Adjusted R Square 
1 0.77 0.60 0.59 
Coefficients 
Model Coefficient P-value 
1 
Constant 0.87 < E-04 
Temp 7.50E-06 0.061 
Time 2.35E-04 < E-04 
X -3.19E-03 < E-04 
Y -3.40E-04 < E-04 
 
 
 Table 14 shows the result of a first order regression model with the backward 
method. The model summary (upper table) shows the number of calculation iteration at 
Model column, and R, R square, and Adjusted R square values which is a statistical 
measure of how close the data are fitted to the regression model, while coefficients 
(lower table) shows the coefficients and p-values for each variable. Temp is sintering 
temperature, Time is sintering time, X is radius from the origin, and Y is height from the 
top surface.  
 Table 14 also shows that R square is 0.59 and the coefficients for each variable 
including the constant can be found in the coefficient column. The p-value of temperature 
is slightly higher than α = 0.05, which is the standard significance level. Therefore, it 
indicates that temperature should not be used as a variable for 95% confidence model. 
However, since the temperature was a condition for sintering, the regression analysis was 
repeated with second order regression model in order to check the correlation between 
the temperature and the fractions. The result of the first order regression is expressed in a 
function form as shown in Regression Function 1. 
 
 
Regression Function 1: First model of the first order regression with backward method 
ି଺
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Table 15. Second order regression modeling with backward method 
Model Summary (Second order backward) 
Model R R Square Adjusted R Square 
4 0.80 0.64 0.64 
Coefficients 
Model Coefficient P-value 
4 
Constant 1.13 < E-04 
Temp2 2.73E-07 6.48E-04 
X2 -5.25E-04 < E-04 
Temp*Time 2.47E-07 < E-04 
X*Y 2.40E-04 < E-04 
Temp -5.29E-04 5.23E-04 
X -3.19E-03 < E-04 
Y -3.40E-04 < E-04 
 
 
 Table 15 shows the result of a second order regression model with the backward 
method. While a model was calculated, the variables which had the highest p-value such 
as ‘Time2’, ‘Y2’, and ‘Time’ were removed in each step. Since R squared value is 0.64 
which is higher value than 0.59 from Table 14, the second order regression function 
better fits the experiment data. Also, the p-value for the remaining variables are close to 0 
which means all the variables need to be considered as factors of the regression function.  
 
 
Regression Function 2: Fourth model of second order regression with backward 
ି଻ ଶ ିସ ଶ
ି଻ ିସ
ିସ ିଷ ିସ  
 
 
Table 16. Second order regression modeling with forward method 
Model Summary (Second order forward) 
Model R R Square Adjusted R Square 
7 0.80 0.64 0.64 
Coefficients 
Model Coefficient P-value 
7 
Constant 1.13 < E-04 
Temp*Time 2.47E-07 < E-04 
X -3.19E-03 < E-04 
X2 -5.25E-04 < E-04 
X*Y 2.40E-04 < E-04 
Y -3.40E-04 < E-04 
Temp -5.29E-04 5.23E-04 
Temp2 2.73E-07 6.48E-04 
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 Table 16 shows the result of a second order regression model with the forward 
method and it is same as Table 15. The forward method was performed 7 times and the 
final model (seventh) was obtained. The difference between the backward and the 
forward methods is the backward method sets all the possible variables before modeling 
and removes a variable if the p-value is higher than the designated significance level 
while the forward method starts from the constant only and adds a variable which has the 
p-value less than the designated significance level. Because of this difference, there were 
different modeling number steps: 4 iterations by the backward method and 7 iterations by 
the forward method. However, the results for both methods are the same. The Regression 
Function 2 was selected for local fraction flow maps.  
 
 
Regression Function 2: Fourth model of second order regression with backward 
ି଻ ଶ ିସ ଶ
ି଻ ିସ
ିସ ିଷ ିସ  
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C. The Theoretical Approach vs The Regression Function  
 
 
 The contour maps from the experiments, the regression function, and the 
theoretical approach were plotted in this section in order to estimate that how close the 
regression function can approximate the optical method and whether it has a similar 
density fraction gradient to the theoretical approach.  
 
 
 
  
Figure 26. Contour maps from left: optical method, right: regression function 
 
 
 Figure 26 shows contour maps of 870°C 20 minutes and 120 minutes where the 
left one was obtained from optical method and the right one was obtained from the 
regression function. The X-axis represents the radius from center axis and the Y-axis 
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represents the depth from the top surface. The contour map expressed that the density 
fraction gradient was formed from 0.84 to 0.91 in radius direction (from left to right). The 
results from the optical method also can be compared to unsintered density fraction 
which is 0.87 in order to see how the sintering process affected the density fraction. For 
870C 20min, it is easy to observe the line of density fraction 0.87 at both sides, while 
870C 120min shows no 0.87 line in the contour map. Contour map comparisons between 
the optical method and the regression function for other sintering conditions can be found 
in Appendix C. 
 
 
 
Figure 27. Theoretical contour map after compaction 
 
 
 Figure 27 shows the pressure distribution in powder compaction. It exhibits that 
the pressure decreased most at the center and increased most at the edge of the compact. 
Since the pressure applied from an end surface, the pressure decreased in the center of a 
specimen as shown in Equation II-8 where z is the depth from the end surface, Pa is the 
applied pressure, µ is friction coefficient, D is the diameter and α is the material constant. 
 
 
Equation II-8: ௔
ିସఓఈ௭
஽
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Chapter IV Conclusion 
 
 
A. Contributions 
 
 
 During the course of this study, the following contributions were determined: 
  1. A local density fraction map was determined. This, in turn, could be 
used to estimate local mechanical properties such as strength. 
  2. A 2nd order regression function was modeled for a certain range to 
predict the density fraction of sintered specimens. Sintering temperature, sintering time, 
radius, and depth were selected as the variables. 
  3. Die-wall friction had a larger effect on the powder densification during 
the compaction process than theoretically assumed. 
  4. Sintering time had a larger impact on powder densification than 
sintering temperature. 
 
 
B. Discussion 
 
 
 There were two overall objectives studied in this research. The first objective was 
to find an optical method for a local density fraction map in order to compare the optical 
method to the theoretical approach. The optical method had validity by the actual density 
from Archimedes’ Principle. Total 9 specimens were used and 8x20 pictures were taken 
by the optical method for each specimen. Then, the pore fraction of each picture was 
detected with the image analysis software ‘HCImage’. This software provided algorithms 
such as ‘minimum’, ‘intermodes’, ‘mean’, and ‘percentile’ that can be used to detect the 
pores. As shown in Table 9 and Table 10, it was difficult to use any of the algorithms for 
detecting the pores because no results were close to the actual density fraction.  
 
 
Table 9. Analysis result of sample specimen 
Type Algorithm Total Area Pore Area Pore Fraction 
Density 
Fraction Difference 
1 Minimum  307,200,000 7,680,653 0.025 0.975 0.106 
2 Intermodes 307,200,000 16,896,268 0.055 0.945 0.076 
3 Mean 307,200,000 56,832,435 0.185 0.815 -0.054 
4 Percentile  307,200,000 105,984,490 0.348 0.652 -0.217 
 
 
Table 10. Actual density calculation for specimen #4 (960C 20 min) 
Sintered 
Specimen # 
Mass A  
(g) 
Mass B  
(g) 
Mass C  
(g) 
Density  
(g/cm3) 
Fraction 
(-) 
4 22.225 22.571 19.291 6.759 0.869 
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 Therefore, another method to detect the pores which is combining those 
algorithms was performed in order to find a better optical analysis for pore detection. 
Table 17 shows the average density fractions of each combination and the value was 
compared to the actual density. The combination of ‘Intermodes’(2) and ‘Mean’(3) has 
the density fraction as 0.880 and it is the closest to the actual density fraction with the 
difference of 0.011.  
  
 
Table 17. Density fractions by algorithm combinations 
 
 
 
 Figure 28 shows the image results of the combination. The pore areas are 
expressed in green. According to the pictures, Intermodes algorithm missed detecting tiny 
pore areas as marked with black circles while Mean algorithm detected non-pore areas 
such as lens dust, second phase, and thin scratches on top of the total pore areas. 
Therefore, the average value using both algorithms can be written as ((total pore area – 
tiny pore area) + (total pore area + non-pore area)) / 2 and it is close to the total pore area 
with assuming tiny pore area is close to non-pore area. 
 
 
 
Figure 28. Image analysis left: Original, center: Intermodes, right: Mean 
 
 
Combination Minimum(1) Intermodes(2) Mean(3) Percentile(4) Average value Difference
1+2 0.975 0.945 0.960 0.091
1+3 0.975 0.815 0.895 0.026
1+4 0.975 0.652 0.814 -0.056
2+3 0.945 0.815 0.880 0.011
2+4 0.945 0.652 0.799 -0.071
3+4 0.815 0.652 0.734 -0.136
1+2+3 0.975 0.945 0.815 0.912 0.043
1+2+4 0.975 0.945 0.652 0.857 -0.012
1+3+4 0.975 0.815 0.652 0.814 -0.055
2+3+4 0.945 0.815 0.652 0.804 -0.065
1+2+3+4 0.975 0.945 0.815 0.652 0.847 -0.022
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 In conclusion, the combination of Intermodes and Mean methods was found to 
analyze all of the local pictures to detect the pore fractions.  
 
 
 
Figure 29. Local density fraction maps. Left: Optical Method, Right: Theoretical Approach 
 
 
 With the density fractions data by the optical method, the local density fraction 
contour maps were obtained as shown in Figure 29. The optical method had a density 
fraction gradient through radius direction while the theoretical approach had it by curved 
lines from the edge to the center line. This indicates that some forces prevent the powder 
densification at the sides of the specimen during the compaction process. The theoretical 
contour map also shows that some forces acted on the sides but it is not as big as the 
optical method expresses. The preventing forces can be interpreted as the friction 
between the particle and the die-wall. For that reason, the die-wall friction might have a 
larger impact on the powder densification during the compaction than theoretically 
assumed.  
 The second objective was to establish a regression function of variables: sintering 
temperature, sintering time, radius and depth in order to interpolate data and to anticipate 
a density fraction for a specific sintering condition. The modeled regression function is 
expressed as following. 
 
 
ି଻ ଶ ିସ ଶ
ି଻ ିସ
ିସ ିଷ ିସ  
 
 
 If the regression function is expressed in terms of temperature and time variables 
only by integrating with respect to x(radius) and y(depth), it can be used to anticipate the 
density fraction with a specific sintering temperature and time.  
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 Table 18 shows how the density fraction changed from the regression function 
and Archimedes’ principle. With the same sintering temperature, as the sintering time is 
extended the density fraction also increases significantly. However, with the same 
sintering time, even if the sintering temperature is higher, the density fraction changes 
only slightly. It indicates that the density fraction was affected by time more than 
temperature because the density fraction had changed significantly by time changed 
while it changed slightly by temperature.  
 
 
Table 18. Density fraction at each sintering condition by the regression function (top 
number) and Archimedes principle (in parenthesis) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Density Fraction 870C 960C 1035C 
20minutes 0.877 (0.878) 
0.875 
(0.875) 
0.877 
(0.876) 
60minutes 0.886 (0.887) 
0.885 
(0.883) 
0.887 
(0.888) 
120minutes 0.899 (0.898) 
0.899 
(0.901) 
0.902 
(0.902) 
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Chapter V Future Work 
 
 The obtained regression function for local fraction flow in this research was 
focused on early sintering time, less than 2 hours, in order to observe how the pore 
fraction change in a specimen. However, the regression function gives a density fraction 
larger than 1 within sintering time over 3 hours. This means the regression function can 
be used only for limited sintering conditions. Therefore, performing additional 
experiments with longer sintering times such as 6 hours and 12 hours can provide a 
regression function that approximates the density fraction within a wider range of 
sintering time.  
 The average of Intermodes and Mean algorithms were studied in this research but 
different auto-thresholding algorithms can be studied in order to find a better regression 
model. As new technologies are being developed and a lot of image analysis methods are 
studied, a new algorithm combination can be found that better matches the density 
fraction from the optical method to the actual one. 
 Also, this research was focused on a specific material, FLC2-5208 which is 
ferrous powder metal but also other metals such as copper, brass, and bronze can be 
applied to the powder compaction. Those metals have different mechanical properties and 
it can result in different local density fraction maps and regression functions. 
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Appendix A. Density fractions 
 
 
  
  
0.8914 0.9027 0.8971 0.8999 0.8952 0.8863 0.8691 0.8516
0.8896 0.9012 0.8964 0.8987 0.8947 0.8859 0.8646 0.8487
0.8890 0.9014 0.8970 0.8972 0.8946 0.8858 0.8624 0.8484
0.8856 0.9003 0.8967 0.8989 0.8954 0.8871 0.8620 0.8478
0.8834 0.8993 0.8968 0.8982 0.8931 0.8872 0.8645 0.8500
0.8824 0.8987 0.8960 0.8952 0.8912 0.8865 0.8655 0.8507
0.8773 0.8992 0.8961 0.8930 0.8893 0.8851 0.8641 0.8549
0.8752 0.8969 0.8949 0.8911 0.8871 0.8843 0.8675 0.8578
0.8742 0.8948 0.8937 0.8877 0.8847 0.8824 0.8679 0.8565
0.8732 0.8915 0.8931 0.8860 0.8832 0.8787 0.8676 0.8551
0.8716 0.8904 0.8916 0.8856 0.8822 0.8767 0.8693 0.8531
0.8696 0.8897 0.8905 0.8855 0.8818 0.8773 0.8727 0.8542
0.8672 0.8877 0.8898 0.8861 0.8807 0.8753 0.8764 0.8540
0.8658 0.8843 0.8897 0.8878 0.8821 0.8713 0.8739 0.8501
0.8698 0.8833 0.8891 0.8856 0.8806 0.8683 0.8706 0.8478
0.8658 0.8815 0.8882 0.8849 0.8807 0.8668 0.8663 0.8452
0.8621 0.8791 0.8866 0.8833 0.8770 0.8632 0.8655 0.8425
0.8612 0.8744 0.8844 0.8839 0.8760 0.8615 0.8628 0.8407
0.8605 0.8735 0.8841 0.8841 0.8771 0.8619 0.8598 0.8410
0.8529 0.8705 0.8840 0.8846 0.8768 0.8630 0.8593 0.8423
Fractions of Each Position (870C 20min)
0.9104 0.9099 0.9026 0.8937 0.8806 0.8630 0.8512 0.8436
0.9094 0.9082 0.9007 0.8928 0.8820 0.8628 0.8511 0.8440
0.9096 0.9072 0.9024 0.8920 0.8825 0.8648 0.8536 0.8465
0.9079 0.9065 0.9034 0.8911 0.8848 0.8661 0.8573 0.8485
0.9075 0.9054 0.9022 0.8913 0.8836 0.8652 0.8612 0.8512
0.9077 0.9049 0.9016 0.8927 0.8819 0.8641 0.8649 0.8556
0.9063 0.9029 0.8998 0.8924 0.8822 0.8654 0.8696 0.8611
0.9060 0.8996 0.8974 0.8926 0.8855 0.8675 0.8705 0.8637
0.9061 0.8978 0.8962 0.8929 0.8876 0.8697 0.8726 0.8676
0.9044 0.8968 0.8961 0.8935 0.8890 0.8742 0.8755 0.8695
0.9021 0.8929 0.8960 0.8932 0.8896 0.8763 0.8788 0.8738
0.8992 0.8927 0.8955 0.8943 0.8910 0.8775 0.8780 0.8736
0.8952 0.8913 0.8931 0.8952 0.8922 0.8791 0.8782 0.8734
0.8943 0.8895 0.8915 0.8961 0.8938 0.8814 0.8784 0.8735
0.8930 0.8893 0.8904 0.8946 0.8960 0.8826 0.8798 0.8762
0.8897 0.8888 0.8890 0.8924 0.8987 0.8867 0.8816 0.8767
0.8922 0.8886 0.8906 0.8937 0.8998 0.8897 0.8844 0.8808
0.8900 0.8899 0.8932 0.8945 0.8996 0.8907 0.8879 0.8846
0.8881 0.8896 0.8945 0.8937 0.9001 0.8935 0.8910 0.8874
0.8862 0.8879 0.8963 0.8937 0.9010 0.8960 0.8933 0.8907
Fractions of Each Position (870C 60min)
0.8937 0.9002 0.9013 0.9009 0.8977 0.8972 0.9063 0.9012
0.8933 0.9002 0.9015 0.9009 0.8946 0.8974 0.9042 0.9038
0.8941 0.9002 0.9026 0.9014 0.8932 0.8958 0.9020 0.9062
0.8963 0.9014 0.9032 0.9016 0.8911 0.8961 0.9018 0.9054
0.8970 0.9017 0.9030 0.9007 0.8875 0.8938 0.8991 0.9056
0.8976 0.9014 0.9021 0.9001 0.8880 0.8936 0.8968 0.9065
0.8978 0.9015 0.9017 0.8991 0.8850 0.8911 0.8930 0.9039
0.8981 0.9017 0.9015 0.8988 0.8838 0.8903 0.8911 0.9044
0.8987 0.9013 0.9002 0.8971 0.8823 0.8864 0.8897 0.9054
0.9006 0.9022 0.9010 0.8971 0.8791 0.8839 0.8890 0.9058
0.9030 0.9031 0.9021 0.8971 0.8801 0.8834 0.8900 0.9032
0.9046 0.9041 0.9025 0.8960 0.8833 0.8833 0.8885 0.9028
0.9054 0.9051 0.9029 0.8963 0.8841 0.8841 0.8905 0.9031
0.9041 0.9045 0.9025 0.8957 0.8856 0.8828 0.8886 0.9036
0.9054 0.9043 0.9020 0.8955 0.8896 0.8836 0.8895 0.9016
0.9067 0.9044 0.9021 0.8963 0.8901 0.8835 0.8909 0.9022
0.9066 0.9043 0.9025 0.8975 0.8931 0.8836 0.8915 0.9042
0.9068 0.9045 0.9024 0.8981 0.8947 0.8843 0.8931 0.9037
0.9072 0.9044 0.9036 0.8992 0.8956 0.8872 0.8946 0.9023
0.9066 0.9038 0.9033 0.8998 0.8969 0.8882 0.8962 0.9032
Fractions of Each Position (870C 120min)
0.8812 0.8814 0.8876 0.8898 0.8882 0.8893 0.8756 0.8611
0.8804 0.8806 0.8870 0.8879 0.8874 0.8861 0.8739 0.8595
0.8784 0.8795 0.8852 0.8870 0.8871 0.8859 0.8717 0.8575
0.8769 0.8799 0.8836 0.8863 0.8897 0.8855 0.8713 0.8555
0.8743 0.8790 0.8817 0.8850 0.8853 0.8825 0.8689 0.8536
0.8732 0.8779 0.8780 0.8822 0.8826 0.8787 0.8663 0.8551
0.8707 0.8750 0.8751 0.8798 0.8795 0.8760 0.8662 0.8569
0.8679 0.8728 0.8753 0.8776 0.8778 0.8746 0.8660 0.8575
0.8649 0.8708 0.8737 0.8760 0.8759 0.8721 0.8651 0.8584
0.8653 0.8708 0.8720 0.8760 0.8747 0.8730 0.8656 0.8555
0.8672 0.8707 0.8715 0.8750 0.8739 0.8718 0.8672 0.8548
0.8700 0.8707 0.8719 0.8741 0.8720 0.8723 0.8671 0.8575
0.8725 0.8720 0.8734 0.8754 0.8752 0.8744 0.8689 0.8634
0.8730 0.8729 0.8756 0.8763 0.8770 0.8767 0.8696 0.8647
0.8730 0.8731 0.8768 0.8754 0.8779 0.8790 0.8736 0.8674
0.8747 0.8741 0.8770 0.8753 0.8786 0.8810 0.8773 0.8703
0.8774 0.8744 0.8798 0.8771 0.8789 0.8825 0.8791 0.8728
0.8775 0.8749 0.8806 0.8758 0.8788 0.8833 0.8785 0.8767
0.8781 0.8755 0.8810 0.8764 0.8789 0.8836 0.8784 0.8790
0.8785 0.8761 0.8811 0.8771 0.8801 0.8834 0.8786 0.8804
Fractions of Each Position (960C 20min)
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0.9038 0.8891 0.8888 0.8953 0.9002 0.8941 0.8801 0.8529
0.9045 0.8865 0.8951 0.9004 0.8995 0.8966 0.8870 0.8520
0.9026 0.8821 0.8965 0.9007 0.8978 0.8951 0.8864 0.8504
0.9005 0.8803 0.8941 0.9024 0.8976 0.8948 0.8879 0.8481
0.8990 0.8763 0.8915 0.8995 0.8995 0.8946 0.8879 0.8511
0.8970 0.8766 0.8881 0.8987 0.8925 0.8977 0.8878 0.8501
0.8970 0.8761 0.8890 0.8990 0.8908 0.8969 0.8897 0.8566
0.8980 0.8815 0.8861 0.8945 0.8901 0.8973 0.8858 0.8595
0.8996 0.8864 0.8891 0.8928 0.8862 0.8912 0.8835 0.8608
0.9006 0.8879 0.8924 0.8859 0.8786 0.8852 0.8766 0.8617
0.9013 0.8928 0.8919 0.8895 0.8743 0.8817 0.8751 0.8588
0.9027 0.8953 0.8968 0.8892 0.8795 0.8751 0.8709 0.8616
0.9025 0.8972 0.8962 0.8870 0.8771 0.8745 0.8687 0.8556
0.9017 0.8922 0.8947 0.8843 0.8836 0.8709 0.8681 0.8563
0.8991 0.8928 0.8926 0.8806 0.8833 0.8723 0.8656 0.8545
0.8986 0.8929 0.8913 0.8788 0.8829 0.8740 0.8661 0.8549
0.8966 0.8904 0.8877 0.8715 0.8812 0.8671 0.8596 0.8586
0.8943 0.8880 0.8840 0.8644 0.8761 0.8700 0.8598 0.8546
0.8910 0.8859 0.8776 0.8578 0.8729 0.8686 0.8590 0.8614
0.8908 0.8876 0.8761 0.8545 0.8678 0.8688 0.8633 0.8695
Fractions of Each Position (960C 60min)
0.9067 0.9058 0.9081 0.9025 0.9010 0.9029 0.8946 0.8861
0.9090 0.9063 0.9084 0.9035 0.9016 0.9041 0.8963 0.8860
0.9098 0.9063 0.9081 0.9040 0.9018 0.9048 0.8955 0.8832
0.9103 0.9070 0.9076 0.9043 0.9031 0.9057 0.8944 0.8818
0.9108 0.9075 0.9070 0.9043 0.9032 0.9062 0.8938 0.8814
0.9106 0.9074 0.9068 0.9052 0.9031 0.9064 0.8930 0.8795
0.9104 0.9080 0.9072 0.9053 0.9024 0.9048 0.8937 0.8792
0.9104 0.9081 0.9065 0.9055 0.9022 0.9031 0.8947 0.8786
0.9093 0.9078 0.9057 0.9063 0.9026 0.9025 0.8929 0.8774
0.9083 0.9070 0.9055 0.9070 0.9032 0.9023 0.8917 0.8771
0.9088 0.9068 0.9044 0.9076 0.9042 0.9020 0.8904 0.8761
0.9100 0.9076 0.9035 0.9072 0.9043 0.9022 0.8894 0.8752
0.9112 0.9088 0.9042 0.9072 0.9048 0.9027 0.8905 0.8770
0.9113 0.9093 0.9041 0.9076 0.9044 0.9031 0.8918 0.8767
0.9110 0.9100 0.9039 0.9077 0.9043 0.9022 0.8917 0.8747
0.9122 0.9107 0.9033 0.9068 0.9042 0.9017 0.8892 0.8732
0.9129 0.9115 0.9029 0.9060 0.9058 0.9034 0.8879 0.8713
0.9133 0.9119 0.9030 0.9048 0.9062 0.9039 0.8856 0.8691
0.9143 0.9119 0.9023 0.9031 0.9046 0.9032 0.8846 0.8683
0.9144 0.9118 0.9020 0.9019 0.9032 0.9028 0.8857 0.8662
Fractions of Each Position (960C 120min)
0.8960 0.8901 0.8867 0.8878 0.8809 0.8799 0.8602 0.8502
0.8974 0.8894 0.8834 0.8887 0.8831 0.8776 0.8556 0.8475
0.8952 0.8890 0.8797 0.8878 0.8850 0.8731 0.8471 0.8442
0.8924 0.8877 0.8807 0.8865 0.8877 0.8723 0.8452 0.8419
0.8934 0.8860 0.8814 0.8848 0.8868 0.8724 0.8503 0.8466
0.8918 0.8836 0.8817 0.8830 0.8863 0.8725 0.8515 0.8474
0.8920 0.8886 0.8869 0.8832 0.8891 0.8754 0.8555 0.8504
0.8902 0.8888 0.8891 0.8817 0.8874 0.8799 0.8625 0.8523
0.8887 0.8857 0.8894 0.8789 0.8836 0.8831 0.8696 0.8532
0.8871 0.8812 0.8863 0.8784 0.8820 0.8839 0.8765 0.8557
0.8858 0.8822 0.8841 0.8768 0.8818 0.8841 0.8793 0.8582
0.8848 0.8807 0.8818 0.8792 0.8823 0.8850 0.8825 0.8608
0.8838 0.8737 0.8771 0.8766 0.8786 0.8837 0.8857 0.8646
0.8812 0.8682 0.8736 0.8754 0.8790 0.8830 0.8845 0.8673
0.8762 0.8656 0.8724 0.8780 0.8815 0.8833 0.8851 0.8699
0.8728 0.8618 0.8698 0.8794 0.8828 0.8850 0.8816 0.8708
0.8672 0.8565 0.8704 0.8792 0.8787 0.8834 0.8806 0.8696
0.8613 0.8529 0.8724 0.8762 0.8768 0.8803 0.8803 0.8736
0.8579 0.8540 0.8725 0.8769 0.8777 0.8807 0.8803 0.8752
0.8549 0.8529 0.8701 0.8719 0.8758 0.8782 0.8843 0.8770
Fractions of Each Position (1035C 20min)
0.9114 0.9078 0.8922 0.8733 0.8565 0.8557 0.8620 0.8620
0.9118 0.9103 0.8969 0.8790 0.8614 0.8535 0.8663 0.8652
0.9115 0.9103 0.8963 0.8815 0.8653 0.8548 0.8665 0.8667
0.9102 0.9088 0.8948 0.8826 0.8699 0.8583 0.8663 0.8674
0.9116 0.9083 0.8947 0.8839 0.8722 0.8578 0.8671 0.8680
0.9147 0.9129 0.8974 0.8886 0.8730 0.8603 0.8714 0.8714
0.9160 0.9151 0.8982 0.8923 0.8747 0.8612 0.8714 0.8707
0.9167 0.9157 0.8998 0.8923 0.8753 0.8634 0.8707 0.8696
0.9162 0.9156 0.9012 0.8926 0.8767 0.8651 0.8716 0.8726
0.9186 0.9153 0.9035 0.8928 0.8757 0.8650 0.8708 0.8727
0.9165 0.9131 0.9019 0.8919 0.8763 0.8693 0.8711 0.8729
0.9175 0.9119 0.9026 0.8905 0.8779 0.8743 0.8739 0.8754
0.9190 0.9122 0.9028 0.8926 0.8797 0.8764 0.8744 0.8750
0.9186 0.9115 0.9007 0.8920 0.8827 0.8829 0.8779 0.8763
0.9172 0.9102 0.9011 0.8891 0.8834 0.8850 0.8787 0.8757
0.9164 0.9113 0.8999 0.8842 0.8830 0.8855 0.8810 0.8781
0.9165 0.9127 0.9001 0.8855 0.8853 0.8869 0.8819 0.8773
0.9189 0.9129 0.9008 0.8874 0.8841 0.8877 0.8810 0.8706
0.9172 0.9134 0.9016 0.8905 0.8851 0.8899 0.8844 0.8702
0.9180 0.9142 0.9024 0.8897 0.8826 0.8875 0.8819 0.8676
Fractions of Each Position (1035C 60min)
0.9020 0.9056 0.8991 0.9025 0.9077 0.9046 0.8991 0.8971
0.9041 0.9075 0.8982 0.9002 0.9074 0.9061 0.8998 0.8985
0.9043 0.9088 0.8991 0.9023 0.9093 0.9071 0.9006 0.9001
0.9052 0.9098 0.9038 0.9047 0.9102 0.9090 0.9026 0.9016
0.9052 0.9097 0.9070 0.9057 0.9103 0.9110 0.9055 0.9024
0.9059 0.9107 0.9076 0.9042 0.9099 0.9106 0.9048 0.9023
0.9052 0.9102 0.9073 0.9046 0.9100 0.9088 0.9047 0.9008
0.9045 0.9088 0.9078 0.9056 0.9096 0.9080 0.9027 0.9005
0.9027 0.9070 0.9081 0.9064 0.9095 0.9069 0.9004 0.8994
0.9035 0.9074 0.9080 0.9068 0.9081 0.9062 0.8986 0.8971
0.9030 0.9073 0.9076 0.9063 0.9064 0.9047 0.8975 0.8961
0.9031 0.9066 0.9058 0.9038 0.9039 0.9020 0.8957 0.8946
0.9004 0.9047 0.9043 0.9036 0.9031 0.9002 0.8920 0.8918
0.8991 0.9047 0.9026 0.9029 0.9015 0.9007 0.8895 0.8911
0.8989 0.9056 0.9028 0.9029 0.9007 0.8998 0.8883 0.8906
0.8993 0.9057 0.9030 0.9033 0.8997 0.8980 0.8893 0.8870
0.8971 0.9039 0.9007 0.9024 0.8990 0.8964 0.8893 0.8874
0.8958 0.9021 0.8996 0.9012 0.8977 0.8954 0.8869 0.8872
0.8956 0.9016 0.8989 0.9013 0.8976 0.8925 0.8847 0.8866
0.8956 0.9008 0.8981 0.8999 0.8964 0.8911 0.8862 0.8871
Fractions of Each Position (1035C 120min)
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Appendix B. Regression Analysis 
 
 
B.1 First order regression modeling (Backward) 
 
 
 
B.2 Second order regression modeling (Backward) 
 
 
 
R R Square
Adjusted R 
Square
Std. Error 
of the 
Estimate
1 .772a 0.596 0.594 0.01022
Model Summary
Model
a. Predictors: (Constant), Dept, Radi, Time, Temp
Standardiz
ed 
Coefficient
s
B Std. Error Beta
(Constant) 0.865 0.004 224.828 0.000
Temp 7.496E-06 0.000 0.032 1.878 0.061
Time 0.000 0.000 0.604 35.956 0.000
Radius -0.003 0.000 -0.475 -28.301 0.000
Depth 0.000 0.000 -0.067 -3.998 0.000
1
a. Dependent Variable: Frac
Coefficientsa
Model
Unstandardized 
Coefficients
t Sig.
R R Square
Adjusted R 
Square
Std. Error 
of the 
Estimate
1 .801a 0.642 0.639 0.00964
2 .801b 0.641 0.639 0.00964
3 .801c 0.641 0.639 0.00964
4 .801d 0.641 0.639 0.00964
Model Summary
Model
a. Predictors: (Constant), sqDept, sqRadi, sqTime, RadiDept, 
Dept, Radi, Temp, TempTime, Time, sqTempb. Predictors: (Constant), sqDept, sqRadi, RadiDept, Dept, 
Radi, Temp, TempTime, Time, sqTempc. Predictors: (Constant), sqRadi, RadiDept, Dept, Radi, 
Temp, TempTime, Time, sqTempd. Predictors: (Constant), sqRadi, RadiDept, Dept, Radi, 
Temp, TempTime, sqTemp
Standardiz
ed 
Coefficient
s
B Std. Error Beta
(Constant) 1.136 0.072 15.705 0.000
Temp -0.001 0.000 -2.257 -3.522 0.000
Time -9.366E-05 0.000 -0.240 -1.002 0.316
Radius -0.003 0.000 -0.475 -30.010 0.000
Depth 0.000 0.000 -0.067 -4.252 0.000
TempTime 3.545E-07 0.000 0.875 3.870 0.000
RadiDept 0.000 0.000 0.112 7.067 0.000
sqTemp 2.736E-07 0.000 2.190 3.419 0.001
sqTime -6.506E-08 0.000 -0.024 -0.288 0.774
sqRadi -0.001 0.000 -0.163 -10.274 0.000
sqDept -2.518E-05 0.000 -0.014 -0.884 0.377
(Constant) 1.137 0.072 15.713 0.000
Temp -0.001 0.000 -2.257 -3.523 0.000
Time 0.000 0.000 -0.264 -1.174 0.240
Radius -0.003 0.000 -0.475 -30.020 0.000
Depth 0.000 0.000 -0.067 -4.254 0.000
TempTime 3.545E-07 0.000 0.875 3.871 0.000
RadiDept 0.000 0.000 0.112 7.069 0.000
sqTemp 2.736E-07 0.000 2.190 3.420 0.001
sqRadi -0.001 0.000 -0.163 -10.278 0.000
sqDept -2.518E-05 0.000 -0.014 -0.884 0.377
(Constant) 1.136 0.072 15.709 0.000
Temp -0.001 0.000 -2.256 -3.520 0.000
Time 0.000 0.000 -0.263 -1.173 0.241
Radius -0.003 0.000 -0.475 -30.022 0.000
Depth 0.000 0.000 -0.067 -4.254 0.000
TempTime 3.543E-07 0.000 0.875 3.870 0.000
RadiDept 0.000 0.000 0.112 7.070 0.000
sqTemp 2.733E-07 0.000 2.188 3.418 0.001
sqRadi -0.001 0.000 -0.163 -10.278 0.000
(Constant) 1.129 0.072 15.663 0.000
Temp -0.001 0.000 -2.226 -3.476 0.001
Radius -0.003 0.000 -0.475 -30.017 0.000
Depth 0.000 0.000 -0.067 -4.252 0.000
TempTime 2.472E-07 0.000 0.610 38.291 0.000
RadiDept 0.000 0.000 0.112 7.072 0.000
sqTemp 2.734E-07 0.000 2.189 3.418 0.001
sqRadi -0.001 0.000 -0.163 -10.275 0.000
3
4
a. Dependent Variable: Frac
1
2
Coefficientsa
Model
Unstandardized 
Coefficients
t Sig.
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B.3 Second order regression modeling (Forward) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R R Square
Adjusted R 
Square
Std. Error 
of the 
Estimate
1 .606a 0.367 0.367 0.01277
2 .770b 0.593 0.592 0.01024
3 .787c 0.620 0.619 0.00991
4 .795d 0.632 0.631 0.00975
5 .798e 0.637 0.635 0.00969
6 .799f 0.638 0.637 0.00968
7 .801g 0.641 0.639 0.00964
d. Predictors: (Constant), TempTime, Radi, sqRadi, 
RadiDepte. Predictors: (Constant), TempTime, Radi, sqRadi, 
RadiDept, Deptf. Predictors: (Constant), TempTime, Radi, sqRadi, 
RadiDept, Dept, Tempg. Predictors: (Constant), TempTime, Radi, sqRadi, 
RadiDept, Dept, Temp, sqTemp
Model Summary
Model
a. Predictors: (Constant), TempTime
b. Predictors: (Constant), TempTime, Radi
c. Predictors: (Constant), TempTime, Radi, sqRadi
Standardiz
ed 
Coefficient
s
B Std. Error Beta
(Constant) 0.872 0.001 1368.331 0.000
TempTime 2.454E-07 0.000 0.606 28.888 0.000
(Constant) 0.872 0.001 1705.688 0.000
TempTime 2.455E-07 0.000 0.606 36.018 0.000
Radi -0.003 0.000 -0.475 -28.240 0.000
(Constant) 0.875 0.001 1513.938 0.000
TempTime 2.455E-07 0.000 0.606 37.238 0.000
Radi -0.003 0.000 -0.475 -29.195 0.000
sqRadi -0.001 0.000 -0.163 -9.991 0.000
(Constant) 0.875 0.001 1539.050 0.000
TempTime 2.455E-07 0.000 0.606 37.853 0.000
Radi -0.003 0.000 -0.475 -29.679 0.000
sqRadi -0.001 0.000 -0.163 -10.156 0.000
RadiDept 0.000 0.000 0.112 7.002 0.000
(Constant) 0.875 0.001 1548.052 0.000
TempTime 2.455E-07 0.000 0.606 38.075 0.000
Radi -0.003 0.000 -0.475 -29.852 0.000
sqRadi -0.001 0.000 -0.163 -10.216 0.000
RadiDept 0.000 0.000 0.112 7.043 0.000
Dept 0.000 0.000 -0.067 -4.224 0.000
(Constant) 0.883 0.004 243.400 0.000
TempTime 2.473E-07 0.000 0.610 38.156 0.000
Radi -0.003 0.000 -0.475 -29.898 0.000
sqRadi -0.001 0.000 -0.163 -10.229 0.000
RadiDept 0.000 0.000 0.112 7.059 0.000
Dept 0.000 0.000 -0.067 -4.227 0.000
Temp -9.007E-06 0.000 -0.038 -2.368 0.018
(Constant) 1.129 0.072 15.663 0.000
TempTime 2.472E-07 0.000 0.610 38.291 0.000
Radi -0.003 0.000 -0.475 -30.017 0.000
sqRadi -0.001 0.000 -0.163 -10.275 0.000
RadiDept 0.000 0.000 0.112 7.072 0.000
Dept 0.000 0.000 -0.067 -4.252 0.000
Temp -0.001 0.000 -2.226 -3.476 0.001
sqTemp 2.734E-07 0.000 2.189 3.418 0.001
5
6
7
a. Dependent Variable: Frac
Coefficientsa
Model
Unstandardized 
Coefficients
t Sig.
1
2
3
4
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Appendix C. Contour maps 
 
 
C.1 870C 
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C.2 960C 
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C.3 1035C 
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Appendix D. Image Analysis Results 
D.1 Sintering at 870C 20minutes 
Picture # Intermodes Mean Average Picture # Intermodes Mean Average 
1 0.101 0.154 0.128 1 0.059 0.203 0.131 
2 0.079 0.145 0.112 2 0.050 0.177 0.113 
3 0.067 0.140 0.103 3 0.045 0.178 0.112 
4 0.068 0.143 0.106 4 0.046 0.173 0.109 
5 0.038 0.151 0.095 5 0.055 0.174 0.114 
6 0.044 0.144 0.094 6 0.046 0.175 0.110 
7 0.032 0.140 0.086 7 0.040 0.177 0.108 
8 0.059 0.152 0.106 8 0.042 0.177 0.109 
9 0.105 0.153 0.129 9 0.051 0.194 0.123 
10 0.072 0.139 0.105 10 0.052 0.176 0.114 
11 0.084 0.146 0.115 11 0.048 0.171 0.109 
12 0.079 0.145 0.112 12 0.040 0.179 0.110 
13 0.052 0.147 0.099 13 0.048 0.173 0.111 
14 0.047 0.157 0.102 14 0.044 0.172 0.108 
15 0.040 0.148 0.094 15 0.041 0.179 0.110 
16 0.071 0.151 0.111 16 0.046 0.180 0.113 
17 0.086 0.141 0.114 17 0.048 0.195 0.121 
18 0.078 0.136 0.107 18 0.063 0.173 0.118 
19 0.089 0.140 0.114 19 0.048 0.182 0.115 
20 0.056 0.146 0.101 20 0.038 0.168 0.103 
21 0.056 0.146 0.101 21 0.045 0.168 0.106 
22 0.064 0.143 0.104 22 0.049 0.168 0.109 
23 0.043 0.139 0.091 23 0.045 0.170 0.108 
24 0.075 0.156 0.116 24 0.037 0.187 0.112 
25 0.164 0.185 0.174 25 0.051 0.187 0.119 
26 0.131 0.167 0.149 26 0.050 0.173 0.111 
27 0.086 0.152 0.119 27 0.048 0.165 0.107 
28 0.065 0.132 0.098 28 0.041 0.172 0.106 
29 0.052 0.148 0.100 29 0.047 0.170 0.108 
30 0.059 0.143 0.101 30 0.049 0.167 0.108 
31 0.053 0.142 0.098 31 0.046 0.170 0.108 
32 0.064 0.149 0.107 32 0.040 0.183 0.111 
33 0.111 0.170 0.140 33 0.069 0.181 0.125 
34 0.105 0.182 0.144 34 0.059 0.169 0.114 
35 0.079 0.149 0.114 35 0.055 0.166 0.111 
36 0.049 0.140 0.094 36 0.046 0.164 0.105 
37 0.040 0.129 0.085 37 0.045 0.165 0.105 
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38 0.062 0.141 0.101 38 0.045 0.158 0.101 
39 0.053 0.134 0.094 39 0.045 0.167 0.106 
40 0.065 0.143 0.104 40 0.048 0.174 0.111 
41 0.164 0.212 0.188 41 0.072 0.173 0.123 
42 0.000 0.244 0.122 42 0.064 0.163 0.114 
43 0.086 0.137 0.112 43 0.052 0.169 0.111 
44 0.083 0.140 0.112 44 0.048 0.173 0.111 
45 0.067 0.139 0.103 45 0.045 0.173 0.109 
46 0.063 0.142 0.102 46 0.048 0.170 0.109 
47 0.068 0.145 0.106 47 0.039 0.174 0.107 
48 0.056 0.133 0.094 48 0.041 0.182 0.111 
49 0.158 0.190 0.174 49 0.067 0.196 0.132 
50 0.143 0.188 0.165 50 0.043 0.174 0.109 
51 0.096 0.146 0.121 51 0.044 0.166 0.105 
52 0.092 0.138 0.115 52 0.042 0.169 0.105 
53 0.076 0.133 0.104 53 0.042 0.168 0.105 
54 0.075 0.137 0.106 54 0.050 0.167 0.108 
55 0.070 0.140 0.105 55 0.043 0.165 0.104 
56 0.047 0.146 0.097 56 0.035 0.177 0.106 
57 0.119 0.155 0.137 57 0.049 0.191 0.120 
58 0.118 0.158 0.138 58 0.045 0.166 0.106 
59 0.099 0.161 0.130 59 0.044 0.164 0.104 
60 0.069 0.140 0.104 60 0.036 0.172 0.104 
61 0.063 0.136 0.099 61 0.047 0.155 0.101 
62 0.076 0.138 0.107 62 0.044 0.157 0.101 
63 0.055 0.138 0.097 63 0.048 0.170 0.109 
64 0.045 0.133 0.089 64 0.047 0.173 0.110 
65 0.134 0.167 0.151 65 0.057 0.192 0.125 
66 0.098 0.136 0.117 66 0.069 0.172 0.120 
67 0.073 0.133 0.103 67 0.047 0.165 0.106 
68 0.076 0.136 0.106 68 0.048 0.159 0.104 
69 0.067 0.136 0.101 69 0.055 0.164 0.109 
70 0.073 0.141 0.107 70 0.056 0.158 0.107 
71 0.060 0.136 0.098 71 0.058 0.173 0.115 
72 0.117 0.151 0.134 72 0.038 0.178 0.108 
73 0.116 0.159 0.137 73 0.053 0.184 0.118 
74 0.114 0.149 0.132 74 0.061 0.165 0.113 
75 0.068 0.131 0.099 75 0.053 0.157 0.105 
76 0.060 0.134 0.097 76 0.052 0.161 0.106 
77 0.059 0.141 0.100 77 0.046 0.162 0.104 
78 0.072 0.138 0.105 78 0.051 0.166 0.109 
79 0.068 0.138 0.103 79 0.048 0.173 0.111 
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80 0.093 0.139 0.116 80 0.040 0.179 0.109 
81 0.145 0.175 0.160 81 0.053 0.192 0.123 
82 0.136 0.161 0.148 82 0.065 0.181 0.123 
83 0.097 0.142 0.120 83 0.054 0.169 0.112 
84 0.077 0.138 0.107 84 0.046 0.175 0.110 
85 0.081 0.144 0.113 85 0.053 0.165 0.109 
86 0.067 0.138 0.102 86 0.047 0.173 0.110 
87 0.065 0.133 0.099 87 0.041 0.173 0.107 
88 0.098 0.145 0.121 88 0.029 0.172 0.100 
89 0.148 0.171 0.159 89 0.047 0.185 0.116 
90 0.148 0.174 0.161 90 0.050 0.172 0.111 
91 0.082 0.134 0.108 91 0.048 0.165 0.107 
92 0.086 0.136 0.111 92 0.046 0.173 0.109 
93 0.078 0.137 0.108 93 0.052 0.171 0.112 
94 0.062 0.140 0.101 94 0.043 0.170 0.107 
95 0.063 0.141 0.102 95 0.044 0.173 0.109 
96 0.105 0.146 0.125 96 0.041 0.175 0.108 
97 0.112 0.152 0.132 97 0.062 0.187 0.124 
98 0.112 0.149 0.130 98 0.059 0.163 0.111 
99 0.089 0.142 0.116 99 0.058 0.164 0.111 
100 0.083 0.144 0.114 100 0.063 0.166 0.115 
101 0.080 0.151 0.116 101 0.042 0.173 0.108 
102 0.055 0.138 0.096 102 0.050 0.165 0.107 
103 0.057 0.128 0.093 103 0.043 0.173 0.108 
104 0.093 0.142 0.118 104 0.043 0.175 0.109 
105 0.088 0.152 0.120 105 0.061 0.178 0.120 
106 0.080 0.142 0.111 106 0.046 0.173 0.110 
107 0.065 0.137 0.101 107 0.053 0.159 0.106 
108 0.046 0.138 0.092 108 0.055 0.162 0.109 
109 0.039 0.127 0.083 109 0.044 0.169 0.106 
110 0.075 0.138 0.107 110 0.043 0.165 0.104 
111 0.066 0.140 0.103 111 0.038 0.171 0.105 
112 0.137 0.169 0.153 112 0.032 0.178 0.105 
113 0.135 0.165 0.150 113 0.055 0.188 0.121 
114 0.099 0.144 0.121 114 0.071 0.159 0.115 
115 0.093 0.142 0.117 115 0.052 0.165 0.109 
116 0.100 0.149 0.124 116 0.054 0.169 0.111 
117 0.076 0.138 0.107 117 0.048 0.173 0.111 
118 0.057 0.141 0.099 118 0.052 0.168 0.110 
119 0.084 0.133 0.108 119 0.044 0.174 0.109 
120 0.113 0.149 0.131 120 0.032 0.183 0.108 
121 0.111 0.157 0.134 121 0.054 0.185 0.119 
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122 0.114 0.152 0.133 122 0.055 0.165 0.110 
123 0.102 0.142 0.122 123 0.057 0.175 0.116 
124 0.092 0.138 0.115 124 0.051 0.167 0.109 
125 0.089 0.146 0.118 125 0.042 0.177 0.109 
126 0.079 0.141 0.110 126 0.041 0.171 0.106 
127 0.072 0.129 0.100 127 0.037 0.179 0.108 
128 0.091 0.140 0.116 128 0.023 0.174 0.099 
129 0.123 0.161 0.142 129 0.059 0.185 0.122 
130 0.121 0.154 0.137 130 0.044 0.170 0.107 
131 0.111 0.144 0.127 131 0.042 0.179 0.110 
132 0.116 0.148 0.132 132 0.041 0.175 0.108 
133 0.107 0.147 0.127 133 0.040 0.176 0.108 
134 0.072 0.131 0.101 134 0.045 0.171 0.108 
135 0.069 0.131 0.100 135 0.034 0.178 0.106 
136 0.133 0.168 0.150 136 0.027 0.183 0.105 
137 0.118 0.165 0.142 137 0.051 0.203 0.127 
138 0.106 0.150 0.128 138 0.047 0.183 0.115 
139 0.111 0.147 0.129 139 0.050 0.178 0.114 
140 0.125 0.154 0.140 140 0.049 0.169 0.109 
141 0.105 0.147 0.126 141 0.043 0.171 0.107 
142 0.099 0.142 0.120 142 0.042 0.181 0.112 
143 0.106 0.155 0.131 143 0.041 0.181 0.111 
144 0.089 0.150 0.119 144 0.030 0.175 0.102 
145 0.132 0.173 0.152 145 0.059 0.204 0.131 
146 0.111 0.158 0.134 146 0.051 0.181 0.116 
147 0.135 0.166 0.151 147 0.043 0.179 0.111 
148 0.111 0.149 0.130 148 0.044 0.178 0.111 
149 0.119 0.154 0.136 149 0.052 0.176 0.114 
150 0.097 0.144 0.121 150 0.043 0.178 0.110 
151 0.089 0.150 0.119 151 0.036 0.186 0.111 
152 0.072 0.128 0.100 152 0.032 0.170 0.101 
153 0.151 0.180 0.165 153 0.061 0.203 0.132 
154 0.097 0.144 0.120 154 0.045 0.189 0.117 
155 0.127 0.160 0.144 155 0.055 0.179 0.117 
156 0.102 0.143 0.123 156 0.048 0.174 0.111 
157 0.098 0.144 0.121 157 0.043 0.172 0.108 
158 0.082 0.143 0.113 158 0.047 0.177 0.112 
159 0.115 0.155 0.135 159 0.043 0.176 0.110 
160 0.122 0.168 0.145 160 0.040 0.179 0.109 
161 0.138 0.182 0.160 161 0.069 0.192 0.130 
162 0.082 0.144 0.113 162 0.055 0.188 0.122 
163 0.099 0.145 0.122 163 0.049 0.183 0.116 
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164 0.077 0.139 0.108 164 0.043 0.173 0.108 
165 0.078 0.131 0.104 165 0.041 0.176 0.109 
166 0.100 0.145 0.122 166 0.039 0.173 0.106 
167 0.083 0.148 0.115 167 0.034 0.169 0.101 
168 0.106 0.161 0.134 168 0.044 0.178 0.111 
169 0.122 0.173 0.147 169 0.067 0.192 0.129 
170 0.080 0.143 0.111 170 0.057 0.172 0.114 
171 0.082 0.143 0.112 171 0.045 0.184 0.114 
172 0.078 0.146 0.112 172 0.042 0.176 0.109 
173 0.092 0.136 0.114 173 0.045 0.184 0.115 
174 0.090 0.138 0.114 174 0.043 0.174 0.109 
175 0.076 0.137 0.106 175 0.038 0.180 0.109 
176 0.124 0.162 0.143 176 0.042 0.183 0.112 
177 0.151 0.174 0.162 177 0.065 0.186 0.126 
178 0.096 0.143 0.120 178 0.049 0.190 0.119 
179 0.109 0.150 0.130 179 0.043 0.180 0.111 
180 0.097 0.150 0.123 180 0.043 0.172 0.108 
181 0.065 0.135 0.100 181 0.037 0.181 0.109 
182 0.080 0.139 0.109 182 0.034 0.176 0.105 
183 0.099 0.149 0.124 183 0.041 0.187 0.114 
184 0.132 0.173 0.153 184 0.049 0.178 0.113 
185 0.162 0.187 0.174 185 0.064 0.202 0.133 
186 0.146 0.169 0.158 186 0.050 0.183 0.117 
187 0.162 0.158 0.160 187 0.053 0.176 0.115 
188 0.064 0.131 0.098 188 0.037 0.183 0.110 
189 0.070 0.126 0.098 189 0.040 0.176 0.108 
190 0.064 0.130 0.097 190 0.040 0.175 0.108 
191 0.104 0.155 0.130 191 0.030 0.175 0.103 
192 0.109 0.157 0.133 192 0.048 0.182 0.115 
193 0.120 0.171 0.145 193 0.069 0.208 0.138 
194 0.131 0.164 0.147 194 0.056 0.186 0.121 
195 0.115 0.153 0.134 195 0.053 0.184 0.119 
196 0.080 0.137 0.108 196 0.052 0.186 0.119 
197 0.081 0.132 0.107 197 0.046 0.183 0.114 
198 0.091 0.136 0.114 198 0.045 0.177 0.111 
199 0.084 0.144 0.114 199 0.044 0.183 0.114 
200 0.075 0.143 0.109 200 0.037 0.180 0.109 
201 0.167 0.191 0.179 201 0.074 0.207 0.140 
202 0.160 0.177 0.168 202 0.050 0.194 0.122 
203 0.117 0.150 0.134 203 0.045 0.185 0.115 
204 0.100 0.148 0.124 204 0.048 0.189 0.119 
205 0.093 0.138 0.115 205 0.047 0.181 0.114 
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206 0.086 0.133 0.109 206 0.044 0.181 0.112 
207 0.105 0.152 0.129 207 0.045 0.183 0.114 
208 0.163 0.189 0.176 208 0.054 0.185 0.120 
209 0.153 0.173 0.163     
210 0.127 0.157 0.142     
211 0.152 0.172 0.162     
212 0.141 0.171 0.156     
213 0.119 0.151 0.135     
214 0.104 0.150 0.127     
215 0.109 0.144 0.127     
216 0.146 0.166 0.156     
217 0.150 0.173 0.162     
218 0.161 0.174 0.167     
219 0.135 0.157 0.146     
220 0.127 0.158 0.142     
221 0.099 0.143 0.121     
222 0.099 0.153 0.126     
223 0.138 0.166 0.152     
224 0.147 0.173 0.160     
225 0.123 0.155 0.139     
226 0.151 0.170 0.161     
227 0.108 0.142 0.125     
228 0.112 0.144 0.128     
229 0.104 0.145 0.124     
230 0.101 0.146 0.123     
231 0.124 0.158 0.141     
232 0.100 0.155 0.128     
233 0.116 0.159 0.138     
234 0.123 0.156 0.139     
235 0.122 0.156 0.139     
236 0.112 0.153 0.132     
237 0.113 0.148 0.130     
238 0.093 0.151 0.122     
239 0.141 0.164 0.152     
240 0.178 0.190 0.184     
 
D.2 Sintering at 870C 60minutes 
Picture # Intermodes Mean Average Picture # Intermodes Mean Average 
1 0.039 0.143 0.091 1 0.032 0.213 0.123 
2 0.034 0.136 0.085 2 0.044 0.188 0.116 
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3 0.048 0.122 0.085 3 0.056 0.197 0.127 
4 0.090 0.129 0.109 4 0.062 0.197 0.129 
5 0.112 0.146 0.129 5 0.060 0.196 0.128 
6 0.098 0.137 0.117 6 0.064 0.200 0.132 
7 0.098 0.137 0.117 7 0.069 0.207 0.138 
8 0.108 0.147 0.127 8 0.050 0.201 0.126 
9 0.036 0.133 0.085 9 0.037 0.209 0.123 
10 0.040 0.128 0.084 10 0.023 0.192 0.108 
11 0.084 0.129 0.107 11 0.056 0.203 0.129 
12 0.082 0.124 0.103 12 0.071 0.204 0.138 
13 0.096 0.142 0.119 13 0.073 0.208 0.140 
14 0.128 0.154 0.141 14 0.062 0.204 0.133 
15 0.122 0.151 0.137 15 0.057 0.211 0.134 
16 0.128 0.157 0.142 16 0.061 0.206 0.133 
17 0.040 0.128 0.084 17 0.038 0.195 0.116 
18 0.054 0.126 0.090 18 0.040 0.189 0.115 
19 0.069 0.131 0.100 19 0.064 0.202 0.133 
20 0.080 0.124 0.102 20 0.084 0.199 0.141 
21 0.123 0.147 0.135 21 0.065 0.187 0.126 
22 0.127 0.152 0.139 22 0.053 0.186 0.119 
23 0.144 0.162 0.153 23 0.058 0.203 0.130 
24 0.118 0.150 0.134 24 0.075 0.215 0.145 
25 0.036 0.144 0.090 25 0.038 0.213 0.125 
26 0.053 0.133 0.093 26 0.040 0.199 0.120 
27 0.055 0.132 0.093 27 0.040 0.203 0.121 
28 0.079 0.133 0.106 28 0.057 0.204 0.131 
29 0.090 0.133 0.112 29 0.058 0.204 0.131 
30 0.096 0.130 0.113 30 0.068 0.198 0.133 
31 0.152 0.169 0.160 31 0.081 0.210 0.145 
32 0.163 0.180 0.172 32 0.069 0.215 0.142 
33 0.046 0.136 0.091 33 0.043 0.208 0.125 
34 0.062 0.128 0.095 34 0.033 0.200 0.116 
35 0.069 0.124 0.096 35 0.040 0.204 0.122 
36 0.093 0.136 0.115 36 0.056 0.216 0.136 
37 0.081 0.130 0.105 37 0.051 0.208 0.130 
38 0.110 0.141 0.125 38 0.061 0.202 0.131 
39 0.152 0.170 0.161 39 0.061 0.192 0.126 
40 0.166 0.182 0.174 40 0.090 0.214 0.152 
41 0.053 0.138 0.096 41 0.041 0.200 0.120 
42 0.059 0.131 0.095 42 0.028 0.196 0.112 
43 0.057 0.131 0.094 43 0.038 0.197 0.117 
44 0.069 0.136 0.102 44 0.070 0.219 0.145 
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45 0.088 0.134 0.111 45 0.066 0.212 0.139 
46 0.129 0.154 0.141 46 0.058 0.198 0.128 
47 0.169 0.177 0.173 47 0.072 0.207 0.139 
48 0.193 0.201 0.197 48 0.112 0.225 0.169 
49 0.045 0.128 0.086 49 0.052 0.209 0.131 
50 0.043 0.137 0.090 50 0.050 0.206 0.128 
51 0.051 0.129 0.090 51 0.057 0.206 0.132 
52 0.075 0.136 0.105 52 0.073 0.217 0.145 
53 0.114 0.153 0.134 53 0.065 0.209 0.137 
54 0.132 0.152 0.142 54 0.068 0.200 0.134 
55 0.131 0.155 0.143 55 0.113 0.236 0.174 
56 0.161 0.178 0.169 56 0.119 0.245 0.182 
57 0.042 0.137 0.089 57 0.057 0.203 0.130 
58 0.055 0.133 0.094 58 0.034 0.203 0.118 
59 0.060 0.125 0.093 59 0.047 0.188 0.117 
60 0.076 0.131 0.103 60 0.059 0.193 0.126 
61 0.104 0.143 0.123 61 0.051 0.189 0.120 
62 0.136 0.159 0.148 62 0.059 0.186 0.122 
63 0.137 0.161 0.149 63 0.062 0.199 0.131 
64 0.144 0.166 0.155 64 0.072 0.208 0.140 
65 0.056 0.131 0.094 65 0.034 0.207 0.121 
66 0.063 0.124 0.094 66 0.033 0.194 0.114 
67 0.078 0.134 0.106 67 0.051 0.194 0.123 
68 0.084 0.130 0.107 68 0.070 0.198 0.134 
69 0.094 0.133 0.113 69 0.060 0.196 0.128 
70 0.153 0.173 0.163 70 0.059 0.190 0.125 
71 0.127 0.158 0.142 71 0.059 0.200 0.129 
72 0.121 0.155 0.138 72 0.087 0.210 0.149 
73 0.052 0.129 0.090 73 0.049 0.198 0.123 
74 0.033 0.131 0.082 74 0.046 0.191 0.119 
75 0.077 0.142 0.109 75 0.055 0.189 0.122 
76 0.083 0.136 0.109 76 0.069 0.190 0.130 
77 0.084 0.140 0.112 77 0.064 0.185 0.124 
78 0.126 0.154 0.140 78 0.073 0.198 0.136 
79 0.141 0.165 0.153 79 0.065 0.196 0.130 
80 0.142 0.167 0.154 80 0.074 0.200 0.137 
81 0.058 0.143 0.101 81 0.087 0.207 0.147 
82 0.070 0.133 0.102 82 0.039 0.191 0.115 
83 0.074 0.136 0.105 83 0.057 0.202 0.130 
84 0.095 0.141 0.118 84 0.057 0.188 0.123 
85 0.089 0.143 0.116 85 0.058 0.192 0.125 
86 0.096 0.143 0.119 86 0.060 0.193 0.127 
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87 0.098 0.138 0.118 87 0.063 0.193 0.128 
88 0.098 0.148 0.123 88 0.083 0.210 0.147 
89 0.035 0.131 0.083 89 0.061 0.206 0.134 
90 0.064 0.125 0.094 90 0.036 0.193 0.115 
91 0.056 0.123 0.089 91 0.057 0.188 0.123 
92 0.089 0.134 0.112 92 0.067 0.197 0.132 
93 0.089 0.138 0.113 93 0.056 0.195 0.126 
94 0.102 0.140 0.121 94 0.066 0.199 0.132 
95 0.084 0.140 0.112 95 0.061 0.202 0.132 
96 0.092 0.143 0.117 96 0.079 0.209 0.144 
97 0.064 0.137 0.101 97 0.029 0.198 0.114 
98 0.064 0.129 0.096 98 0.054 0.187 0.121 
99 0.054 0.126 0.090 99 0.055 0.187 0.121 
100 0.091 0.131 0.111 100 0.064 0.193 0.129 
101 0.094 0.131 0.112 101 0.063 0.194 0.129 
102 0.107 0.144 0.126 102 0.066 0.201 0.133 
103 0.096 0.136 0.116 103 0.073 0.216 0.144 
104 0.090 0.139 0.114 104 0.094 0.222 0.158 
105 0.061 0.127 0.094 105 0.039 0.209 0.124 
106 0.078 0.131 0.104 106 0.067 0.205 0.136 
107 0.084 0.129 0.106 107 0.071 0.198 0.134 
108 0.082 0.125 0.103 108 0.070 0.197 0.134 
109 0.108 0.139 0.124 109 0.077 0.203 0.140 
110 0.106 0.137 0.122 110 0.068 0.203 0.135 
111 0.106 0.138 0.122 111 0.074 0.217 0.145 
112 0.129 0.160 0.145 112 0.164 0.265 0.214 
113 0.057 0.121 0.089 113 0.060 0.204 0.132 
114 0.073 0.129 0.101 114 0.077 0.213 0.145 
115 0.077 0.127 0.102 115 0.086 0.197 0.142 
116 0.075 0.128 0.101 116 0.065 0.193 0.129 
117 0.107 0.138 0.122 117 0.080 0.202 0.141 
118 0.124 0.150 0.137 118 0.064 0.207 0.136 
119 0.106 0.140 0.123 119 0.081 0.218 0.149 
120 0.107 0.153 0.130 120 0.125 0.244 0.184 
121 0.078 0.142 0.110 121 0.050 0.196 0.123 
122 0.098 0.132 0.115 122 0.069 0.198 0.133 
123 0.087 0.138 0.112 123 0.091 0.206 0.149 
124 0.071 0.140 0.105 124 0.076 0.196 0.136 
125 0.079 0.137 0.108 125 0.084 0.200 0.142 
126 0.113 0.143 0.128 126 0.095 0.217 0.156 
127 0.109 0.144 0.126 127 0.088 0.225 0.156 
128 0.124 0.161 0.143 128 0.139 0.258 0.198 
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129 0.061 0.118 0.090 129 0.045 0.202 0.124 
130 0.108 0.137 0.122 130 0.080 0.202 0.141 
131 0.092 0.135 0.113 131 0.084 0.201 0.142 
132 0.075 0.131 0.103 132 0.081 0.210 0.146 
133 0.072 0.130 0.101 133 0.084 0.203 0.143 
134 0.102 0.141 0.122 134 0.081 0.212 0.146 
135 0.120 0.148 0.134 135 0.101 0.239 0.170 
136 0.129 0.158 0.143 136 0.130 0.254 0.192 
137 0.059 0.117 0.088 137 0.073 0.209 0.141 
138 0.091 0.133 0.112 138 0.113 0.219 0.166 
139 0.079 0.131 0.105 139 0.107 0.215 0.161 
140 0.070 0.131 0.100 140 0.114 0.218 0.166 
141 0.075 0.129 0.102 141 0.095 0.215 0.155 
142 0.107 0.142 0.125 142 0.112 0.226 0.169 
143 0.113 0.143 0.128 143 0.146 0.261 0.204 
144 0.092 0.141 0.116 144 0.200 0.304 0.252 
145 0.081 0.140 0.110 145 0.113 0.226 0.170 
146 0.075 0.132 0.103 146 0.091 0.210 0.150 
147 0.077 0.138 0.107 147 0.093 0.203 0.148 
148 0.070 0.133 0.102 148 0.109 0.221 0.165 
149 0.069 0.130 0.099 149 0.107 0.212 0.160 
150 0.098 0.138 0.118 150 0.135 0.239 0.187 
151 0.091 0.135 0.113 151 0.195 0.290 0.243 
152 0.090 0.148 0.119 152 0.225 0.312 0.268 
153 0.076 0.151 0.113 153 0.099 0.222 0.160 
154 0.104 0.139 0.121 154 0.098 0.213 0.155 
155 0.088 0.131 0.110 155 0.112 0.215 0.163 
156 0.088 0.137 0.112 156 0.119 0.215 0.167 
157 0.074 0.137 0.106 157 0.131 0.228 0.180 
158 0.094 0.144 0.119 158 0.132 0.232 0.182 
159 0.101 0.140 0.121 159 0.174 0.270 0.222 
160 0.082 0.140 0.111 160 0.179 0.283 0.231 
161 0.102 0.157 0.130 161 0.087 0.203 0.145 
162 0.079 0.127 0.103 162 0.115 0.216 0.165 
163 0.086 0.135 0.110 163 0.102 0.211 0.156 
164 0.075 0.138 0.107 164 0.123 0.225 0.174 
165 0.072 0.132 0.102 165 0.155 0.243 0.199 
166 0.077 0.138 0.108 166 0.107 0.222 0.164 
167 0.108 0.142 0.125 167 0.125 0.244 0.184 
168 0.105 0.147 0.126 168 0.120 0.249 0.185 
169 0.075 0.171 0.123 169 0.099 0.220 0.159 
170 0.086 0.131 0.109 170 0.099 0.218 0.159 
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171 0.092 0.134 0.113 171 0.138 0.243 0.191 
172 0.072 0.133 0.103 172 0.139 0.242 0.190 
173 0.069 0.133 0.101 173 0.135 0.246 0.190 
174 0.077 0.134 0.106 174 0.155 0.259 0.207 
175 0.080 0.139 0.110 175 0.121 0.246 0.184 
176 0.092 0.146 0.119 176 0.154 0.266 0.210 
177 0.077 0.143 0.110 177 0.104 0.222 0.163 
178 0.090 0.138 0.114 178 0.131 0.240 0.185 
179 0.077 0.136 0.107 179 0.146 0.248 0.197 
180 0.074 0.131 0.102 180 0.139 0.242 0.191 
181 0.059 0.135 0.097 181 0.139 0.249 0.194 
182 0.073 0.132 0.103 182 0.139 0.257 0.198 
183 0.083 0.147 0.115 183 0.152 0.273 0.212 
184 0.084 0.143 0.114 184 0.160 0.290 0.225 
185 0.064 0.150 0.107 185 0.105 0.231 0.168 
186 0.079 0.133 0.106 186 0.129 0.248 0.189 
187 0.094 0.139 0.117 187 0.143 0.260 0.201 
188 0.099 0.139 0.119 188 0.132 0.250 0.191 
189 0.069 0.134 0.102 189 0.121 0.246 0.184 
190 0.080 0.138 0.109 190 0.148 0.258 0.203 
191 0.071 0.144 0.107 191 0.196 0.300 0.248 
192 0.090 0.145 0.118 192 0.211 0.308 0.260 
193 0.090 0.156 0.123 193 0.139 0.258 0.199 
194 0.075 0.137 0.106 194 0.112 0.234 0.173 
195 0.089 0.142 0.115 195 0.082 0.217 0.149 
196 0.099 0.145 0.122 196 0.109 0.233 0.171 
197 0.061 0.130 0.096 197 0.101 0.225 0.163 
198 0.061 0.133 0.097 198 0.182 0.292 0.237 
199 0.072 0.139 0.105 199 0.228 0.318 0.273 
200 0.097 0.152 0.124 200 0.232 0.328 0.280 
201 0.042 0.126 0.084     
202 0.088 0.145 0.117     
203 0.065 0.129 0.097     
204 0.048 0.137 0.093     
205 0.061 0.132 0.096     
206 0.063 0.133 0.098     
207 0.056 0.139 0.098     
208 0.066 0.137 0.102     
209 0.079 0.144 0.112     
210 0.072 0.147 0.109     
211 0.051 0.125 0.088     
212 0.064 0.128 0.096     
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213 0.074 0.133 0.104     
214 0.078 0.144 0.111     
215 0.059 0.139 0.099     
216 0.072 0.140 0.106     
217 0.051 0.163 0.107     
218 0.076 0.154 0.115     
219 0.057 0.126 0.092     
220 0.080 0.137 0.109     
221 0.064 0.129 0.097     
222 0.063 0.130 0.096     
223 0.049 0.144 0.096     
224 0.047 0.129 0.088     
225 0.073 0.185 0.129     
226 0.080 0.160 0.120     
227 0.050 0.128 0.089     
228 0.071 0.131 0.101     
229 0.054 0.127 0.091     
230 0.055 0.132 0.094     
231 0.044 0.138 0.091     
232 0.045 0.126 0.085     
 
D.3 Sintering at 870C 120minutes 
Picture # Intermodes Mean Average Picture # Intermodes Mean Average 
1 0.055 0.150 0.103 1 0.031 0.230 0.131 
2 0.028 0.177 0.102 2 0.033 0.207 0.120 
3 0.032 0.164 0.098 3 0.029 0.203 0.116 
4 0.043 0.145 0.094 4 0.032 0.191 0.111 
5 0.077 0.139 0.108 5 0.045 0.192 0.118 
6 0.094 0.137 0.115 6 0.035 0.190 0.112 
7 0.039 0.115 0.077 7 0.038 0.182 0.110 
8 0.084 0.148 0.116 8 0.037 0.177 0.107 
9 0.058 0.156 0.107 9 0.021 0.227 0.124 
10 0.044 0.160 0.102 10 0.042 0.191 0.117 
11 0.075 0.146 0.110 11 0.033 0.204 0.118 
12 0.055 0.148 0.102 12 0.021 0.216 0.118 
13 0.058 0.137 0.097 13 0.022 0.203 0.112 
14 0.069 0.145 0.107 14 0.017 0.210 0.114 
15 0.052 0.140 0.096 15 0.024 0.189 0.107 
16 0.072 0.148 0.110 16 0.044 0.176 0.110 
17 0.058 0.159 0.108 17 0.040 0.189 0.114 
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18 0.050 0.155 0.102 18 0.040 0.191 0.115 
19 0.053 0.144 0.099 19 0.036 0.199 0.117 
20 0.044 0.148 0.096 20 0.030 0.189 0.110 
21 0.044 0.153 0.098 21 0.030 0.184 0.107 
22 0.068 0.137 0.103 22 0.023 0.193 0.108 
23 0.061 0.137 0.099 23 0.033 0.181 0.107 
24 0.036 0.153 0.094 24 0.053 0.189 0.121 
25 0.067 0.160 0.113 25 0.037 0.194 0.115 
26 0.046 0.154 0.100 26 0.040 0.186 0.113 
27 0.037 0.152 0.094 27 0.044 0.185 0.115 
28 0.037 0.151 0.094 28 0.034 0.189 0.111 
29 0.076 0.139 0.108 29 0.030 0.193 0.112 
30 0.057 0.139 0.098 30 0.029 0.192 0.111 
31 0.052 0.136 0.094 31 0.043 0.190 0.116 
32 0.047 0.147 0.097 32 0.047 0.179 0.113 
33 0.052 0.167 0.109 33 0.033 0.191 0.112 
34 0.031 0.160 0.095 34 0.032 0.198 0.115 
35 0.034 0.150 0.092 35 0.037 0.198 0.117 
36 0.041 0.159 0.100 36 0.028 0.189 0.108 
37 0.074 0.145 0.110 37 0.027 0.187 0.107 
38 0.068 0.142 0.105 38 0.040 0.188 0.114 
39 0.060 0.137 0.099 39 0.033 0.192 0.113 
40 0.064 0.141 0.103 40 0.038 0.183 0.111 
41 0.053 0.161 0.107 41 0.045 0.200 0.123 
42 0.031 0.173 0.102 42 0.050 0.190 0.120 
43 0.040 0.158 0.099 43 0.036 0.197 0.117 
44 0.040 0.157 0.099 44 0.031 0.189 0.110 
45 0.051 0.150 0.101 45 0.030 0.190 0.110 
46 0.060 0.133 0.097 46 0.031 0.192 0.112 
47 0.037 0.124 0.080 47 0.079 0.185 0.132 
48 0.031 0.144 0.087 48 0.040 0.185 0.112 
49 0.045 0.162 0.104 49 0.035 0.201 0.118 
50 0.041 0.159 0.100 50 0.034 0.200 0.117 
51 0.030 0.164 0.097 51 0.033 0.193 0.113 
52 0.051 0.154 0.102 52 0.035 0.193 0.114 
53 0.063 0.153 0.108 53 0.023 0.190 0.107 
54 0.062 0.143 0.103 54 0.030 0.191 0.111 
55 0.039 0.150 0.095 55 0.032 0.186 0.109 
56 0.048 0.150 0.099 56 0.043 0.184 0.114 
57 0.033 0.169 0.101 57 0.041 0.197 0.119 
58 0.045 0.144 0.095 58 0.027 0.198 0.113 
59 0.043 0.144 0.094 59 0.027 0.189 0.108 
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60 0.048 0.147 0.098 60 0.024 0.205 0.114 
61 0.051 0.148 0.099 61 0.027 0.203 0.115 
62 0.052 0.149 0.100 62 0.036 0.196 0.116 
63 0.055 0.139 0.097 63 0.049 0.190 0.119 
64 0.056 0.142 0.099 64 0.052 0.188 0.120 
65 0.045 0.168 0.106 65 0.047 0.200 0.123 
66 0.054 0.151 0.103 66 0.040 0.196 0.118 
67 0.055 0.143 0.099 67 0.033 0.193 0.113 
68 0.060 0.151 0.105 68 0.031 0.193 0.112 
69 0.048 0.121 0.084 69 0.034 0.193 0.114 
70 0.044 0.130 0.087 70 0.033 0.185 0.109 
71 0.051 0.146 0.098 71 0.042 0.176 0.109 
72 0.051 0.134 0.093 72 0.055 0.190 0.122 
73 0.040 0.168 0.104 73 0.046 0.192 0.119 
74 0.032 0.162 0.097 74 0.048 0.199 0.123 
75 0.060 0.147 0.104 75 0.035 0.195 0.115 
76 0.046 0.156 0.101 76 0.027 0.202 0.114 
77 0.078 0.141 0.109 77 0.036 0.193 0.114 
78 0.084 0.142 0.113 78 0.036 0.186 0.111 
79 0.059 0.145 0.102 79 0.038 0.179 0.109 
80 0.032 0.147 0.089 80 0.050 0.189 0.119 
81 0.050 0.165 0.107 81 0.036 0.180 0.108 
82 0.049 0.155 0.102 82 0.043 0.193 0.118 
83 0.040 0.154 0.097 83 0.044 0.195 0.119 
84 0.045 0.142 0.094 84 0.046 0.202 0.124 
85 0.116 0.162 0.139 85 0.034 0.193 0.113 
86 0.089 0.138 0.113 86 0.038 0.182 0.110 
87 0.062 0.134 0.098 87 0.035 0.182 0.108 
88 0.046 0.134 0.090 88 0.045 0.184 0.115 
89 0.040 0.159 0.099 89 0.045 0.188 0.116 
90 0.039 0.165 0.102 90 0.044 0.193 0.118 
91 0.046 0.151 0.098 91 0.047 0.197 0.122 
92 0.043 0.151 0.097 92 0.044 0.204 0.124 
93 0.080 0.143 0.112 93 0.035 0.191 0.113 
94 0.097 0.149 0.123 94 0.034 0.177 0.106 
95 0.094 0.142 0.118 95 0.030 0.190 0.110 
96 0.048 0.124 0.086 96 0.038 0.185 0.112 
97 0.028 0.144 0.086 97 0.075 0.199 0.137 
98 0.027 0.153 0.090 98 0.046 0.206 0.126 
99 0.040 0.146 0.093 99 0.034 0.202 0.118 
100 0.039 0.148 0.094 100 0.030 0.189 0.109 
101 0.096 0.143 0.119 101 0.034 0.177 0.106 
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102 0.068 0.132 0.100 102 0.028 0.172 0.100 
103 0.074 0.129 0.101 103 0.036 0.173 0.104 
104 0.059 0.146 0.103 104 0.041 0.187 0.114 
105 0.039 0.173 0.106 105 0.077 0.202 0.139 
106 0.031 0.164 0.097 106 0.058 0.197 0.128 
107 0.042 0.151 0.097 107 0.036 0.193 0.114 
108 0.057 0.149 0.103 108 0.047 0.196 0.121 
109 0.119 0.169 0.144 109 0.040 0.186 0.113 
110 0.090 0.151 0.121 110 0.042 0.189 0.115 
111 0.098 0.144 0.121 111 0.052 0.196 0.124 
112 0.040 0.149 0.095 112 0.037 0.184 0.110 
113 0.039 0.168 0.104 113 0.089 0.206 0.148 
114 0.036 0.162 0.099 114 0.098 0.208 0.153 
115 0.053 0.149 0.101 115 0.042 0.193 0.117 
116 0.065 0.148 0.106 116 0.035 0.191 0.113 
117 0.062 0.148 0.105 117 0.031 0.196 0.114 
118 0.075 0.139 0.107 118 0.036 0.191 0.114 
119 0.101 0.141 0.121 119 0.037 0.191 0.114 
120 0.056 0.132 0.094 120 0.044 0.177 0.110 
121 0.032 0.177 0.105 121 0.074 0.191 0.133 
122 0.049 0.151 0.100 122 0.089 0.207 0.148 
123 0.061 0.147 0.104 123 0.043 0.204 0.123 
124 0.075 0.143 0.109 124 0.033 0.188 0.111 
125 0.105 0.158 0.131 125 0.032 0.186 0.109 
126 0.094 0.149 0.122 126 0.039 0.192 0.115 
127 0.097 0.141 0.119 127 0.036 0.176 0.106 
128 0.087 0.138 0.113 128 0.046 0.181 0.114 
129 0.039 0.161 0.100 129 0.050 0.188 0.119 
130 0.049 0.149 0.099 130 0.037 0.206 0.121 
131 0.054 0.144 0.099 131 0.041 0.199 0.120 
132 0.070 0.141 0.105 132 0.033 0.190 0.112 
133 0.093 0.145 0.119 133 0.041 0.188 0.114 
134 0.084 0.138 0.111 134 0.031 0.185 0.108 
135 0.088 0.139 0.114 135 0.027 0.170 0.098 
136 0.062 0.127 0.094 136 0.037 0.181 0.109 
137 0.030 0.160 0.095 137 0.038 0.201 0.120 
138 0.037 0.160 0.099 138 0.037 0.215 0.126 
139 0.063 0.149 0.106 139 0.026 0.200 0.113 
140 0.079 0.150 0.115 140 0.044 0.190 0.117 
141 0.087 0.142 0.114 141 0.040 0.200 0.120 
142 0.119 0.160 0.139 142 0.033 0.199 0.116 
143 0.085 0.137 0.111 143 0.026 0.187 0.106 
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144 0.055 0.124 0.089 144 0.033 0.175 0.104 
145 0.023 0.152 0.088 145 0.039 0.216 0.127 
146 0.033 0.154 0.094 146 0.042 0.207 0.124 
147 0.049 0.135 0.092 147 0.054 0.201 0.127 
148 0.073 0.137 0.105 148 0.045 0.197 0.121 
149 0.092 0.142 0.117 149 0.034 0.205 0.119 
150 0.081 0.141 0.111 150 0.027 0.196 0.111 
151 0.074 0.137 0.106 151 0.034 0.186 0.110 
152 0.055 0.121 0.088 152 0.034 0.177 0.106 
153 0.026 0.135 0.080 153 0.038 0.220 0.129 
154 0.026 0.150 0.088 154 0.039 0.215 0.127 
155 0.049 0.136 0.093 155 0.035 0.197 0.116 
156 0.068 0.134 0.101 156 0.030 0.188 0.109 
157 0.068 0.130 0.099 157 0.033 0.208 0.120 
158 0.098 0.139 0.119 158 0.041 0.199 0.120 
159 0.061 0.122 0.092 159 0.036 0.186 0.111 
160 0.086 0.144 0.115 160 0.038 0.184 0.111 
161 0.033 0.150 0.091 161 0.029 0.214 0.122 
162 0.029 0.154 0.092 162 0.028 0.199 0.113 
163 0.041 0.145 0.093 163 0.036 0.193 0.115 
164 0.065 0.144 0.105 164 0.026 0.200 0.113 
165 0.075 0.140 0.108 165 0.038 0.204 0.121 
166 0.092 0.138 0.115 166 0.038 0.191 0.115 
167 0.093 0.135 0.114 167 0.034 0.180 0.107 
168 0.057 0.132 0.094 168 0.034 0.192 0.113 
169 0.027 0.155 0.091 169 0.030 0.202 0.116 
170 0.029 0.155 0.092 170 0.029 0.199 0.114 
171 0.051 0.137 0.094 171 0.036 0.188 0.112 
172 0.051 0.138 0.095 172 0.035 0.195 0.115 
173 0.062 0.145 0.103 173 0.041 0.206 0.123 
174 0.094 0.135 0.114 174 0.020 0.177 0.098 
175 0.072 0.123 0.098 175 0.032 0.195 0.114 
176 0.049 0.116 0.083 176 0.044 0.199 0.122 
177 0.029 0.170 0.099 177 0.034 0.220 0.127 
178 0.026 0.166 0.096 178 0.025 0.202 0.113 
179 0.048 0.146 0.097 179 0.028 0.194 0.111 
180 0.053 0.146 0.100 180 0.031 0.193 0.112 
181 0.056 0.152 0.104 181 0.030 0.194 0.112 
182 0.086 0.141 0.114 182 0.030 0.186 0.108 
183 0.097 0.144 0.121 183 0.041 0.189 0.115 
184 0.064 0.132 0.098 184 0.044 0.199 0.122 
185 0.028 0.158 0.093 185 0.034 0.225 0.130 
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186 0.029 0.169 0.099 186 0.028 0.212 0.120 
187 0.038 0.164 0.101 187 0.033 0.201 0.117 
188 0.067 0.142 0.104 188 0.027 0.205 0.116 
189 0.063 0.144 0.103 189 0.035 0.199 0.117 
190 0.085 0.140 0.112 190 0.034 0.191 0.113 
191 0.084 0.139 0.112 191 0.041 0.186 0.113 
192 0.081 0.148 0.114 192 0.062 0.206 0.134 
193 0.022 0.161 0.091 193 0.028 0.236 0.132 
194 0.033 0.163 0.098 194 0.028 0.226 0.127 
195 0.029 0.170 0.100 195 0.029 0.207 0.118 
196 0.060 0.138 0.099 196 0.031 0.200 0.116 
197 0.054 0.146 0.100 197 0.035 0.208 0.122 
198 0.082 0.135 0.108 198 0.031 0.193 0.112 
199 0.079 0.134 0.107 199 0.029 0.191 0.110 
200 0.043 0.133 0.088 200 0.042 0.208 0.125 
201 0.030 0.181 0.106     
202 0.032 0.172 0.102     
203 0.021 0.180 0.100     
204 0.043 0.150 0.096     
205 0.051 0.152 0.101     
206 0.092 0.148 0.120     
207 0.083 0.143 0.113     
208 0.057 0.128 0.093     
209 0.023 0.173 0.098     
210 0.033 0.160 0.097     
211 0.036 0.163 0.100     
212 0.043 0.156 0.099     
213 0.058 0.148 0.103     
214 0.062 0.146 0.104     
215 0.053 0.141 0.097     
216 0.067 0.132 0.100     
217 0.029 0.155 0.092     
218 0.018 0.182 0.100     
219 0.037 0.151 0.094     
220 0.069 0.137 0.103     
221 0.068 0.141 0.105     
222 0.080 0.140 0.110     
223 0.064 0.127 0.096     
224 0.064 0.144 0.104     
225 0.023 0.163 0.093     
226 0.020 0.180 0.100     
227 0.029 0.161 0.095     
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228 0.062 0.138 0.100     
229 0.068 0.140 0.104     
230 0.070 0.131 0.101     
231 0.049 0.132 0.090     
232 0.031 0.127 0.079     
 
D.4 Sintering at 960C 20minutes 
Picture # Intermodes Mean Average Picture # Intermodes Mean Average 
1 0.074 0.174 0.124 1 0.039 0.186 0.113 
2 0.065 0.173 0.119 2 0.042 0.189 0.115 
3 0.060 0.163 0.112 3 0.045 0.199 0.122 
4 0.052 0.151 0.102 4 0.040 0.193 0.117 
5 0.060 0.155 0.108 5 0.045 0.187 0.116 
6 0.067 0.144 0.106 6 0.050 0.194 0.122 
7 0.066 0.147 0.106 7 0.050 0.203 0.126 
8 0.077 0.157 0.117 8 0.047 0.214 0.130 
9 0.034 0.205 0.119 9 0.041 0.190 0.115 
10 0.044 0.183 0.114 10 0.038 0.192 0.115 
11 0.046 0.159 0.102 11 0.045 0.194 0.120 
12 0.060 0.160 0.110 12 0.036 0.194 0.115 
13 0.061 0.153 0.107 13 0.037 0.193 0.115 
14 0.070 0.152 0.111 14 0.051 0.202 0.126 
15 0.067 0.154 0.111 15 0.041 0.210 0.126 
16 0.069 0.148 0.109 16 0.036 0.220 0.128 
17 0.043 0.202 0.122 17 0.029 0.192 0.111 
18 0.057 0.193 0.125 18 0.036 0.195 0.115 
19 0.055 0.161 0.108 19 0.038 0.187 0.112 
20 0.056 0.164 0.110 20 0.036 0.191 0.114 
21 0.106 0.156 0.131 21 0.028 0.191 0.110 
22 0.072 0.164 0.118 22 0.045 0.195 0.120 
23 0.077 0.155 0.116 23 0.034 0.208 0.121 
24 0.090 0.164 0.127 24 0.027 0.227 0.127 
25 0.039 0.189 0.114 25 0.036 0.199 0.117 
26 0.058 0.189 0.124 26 0.048 0.189 0.119 
27 0.068 0.164 0.116 27 0.051 0.194 0.123 
28 0.066 0.168 0.117 28 0.047 0.194 0.120 
29 0.059 0.158 0.109 29 0.038 0.192 0.115 
30 0.063 0.148 0.106 30 0.045 0.199 0.122 
31 0.086 0.158 0.122 31 0.031 0.209 0.120 
32 0.111 0.189 0.150 32 0.033 0.215 0.124 
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33 0.059 0.192 0.125 33 0.043 0.198 0.121 
34 0.066 0.188 0.127 34 0.036 0.183 0.110 
35 0.041 0.166 0.103 35 0.041 0.185 0.113 
36 0.052 0.160 0.106 36 0.045 0.182 0.114 
37 0.058 0.163 0.110 37 0.041 0.191 0.116 
38 0.055 0.149 0.102 38 0.028 0.205 0.116 
39 0.083 0.155 0.119 39 0.035 0.206 0.121 
40 0.115 0.196 0.156 40 0.029 0.209 0.119 
41 0.032 0.188 0.110 41 0.037 0.196 0.117 
42 0.036 0.182 0.109 42 0.043 0.188 0.115 
43 0.050 0.165 0.108 43 0.047 0.189 0.118 
44 0.054 0.161 0.107 44 0.037 0.191 0.114 
45 0.058 0.147 0.103 45 0.036 0.182 0.109 
46 0.069 0.153 0.111 46 0.029 0.189 0.109 
47 0.105 0.183 0.144 47 0.026 0.208 0.117 
48 0.119 0.196 0.157 48 0.041 0.204 0.123 
49 0.025 0.205 0.115 49 0.042 0.200 0.121 
50 0.035 0.196 0.115 50 0.041 0.190 0.115 
51 0.069 0.192 0.130 51 0.049 0.183 0.116 
52 0.043 0.184 0.113 52 0.040 0.191 0.115 
53 0.051 0.174 0.113 53 0.029 0.192 0.111 
54 0.061 0.173 0.117 54 0.043 0.195 0.119 
55 0.100 0.191 0.146 55 0.035 0.201 0.118 
56 0.107 0.188 0.147 56 0.043 0.202 0.123 
57 0.026 0.215 0.120 57 0.029 0.195 0.112 
58 0.043 0.190 0.116 58 0.034 0.194 0.114 
59 0.039 0.202 0.120 59 0.036 0.182 0.109 
60 0.043 0.189 0.116 60 0.041 0.184 0.112 
61 0.045 0.183 0.114 61 0.040 0.184 0.112 
62 0.060 0.171 0.115 62 0.040 0.197 0.119 
63 0.087 0.177 0.132 63 0.042 0.204 0.123 
64 0.107 0.191 0.149 64 0.043 0.216 0.130 
65 0.042 0.219 0.130 65 0.034 0.183 0.108 
66 0.048 0.203 0.126 66 0.040 0.191 0.115 
67 0.051 0.181 0.116 67 0.034 0.186 0.110 
68 0.054 0.181 0.117 68 0.039 0.192 0.115 
69 0.060 0.167 0.114 69 0.035 0.183 0.109 
70 0.080 0.181 0.131 70 0.040 0.202 0.121 
71 0.077 0.163 0.120 71 0.036 0.199 0.117 
72 0.086 0.173 0.129 72 0.047 0.214 0.130 
73 0.031 0.239 0.135 73 0.050 0.186 0.118 
74 0.047 0.198 0.122 74 0.048 0.180 0.114 
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75 0.048 0.186 0.117 75 0.056 0.185 0.120 
76 0.060 0.173 0.117 76 0.041 0.189 0.115 
77 0.057 0.162 0.109 77 0.039 0.187 0.113 
78 0.061 0.165 0.113 78 0.034 0.190 0.112 
79 0.085 0.172 0.128 79 0.048 0.197 0.123 
80 0.077 0.173 0.125 80 0.059 0.206 0.132 
81 0.035 0.235 0.135 81 0.047 0.189 0.118 
82 0.051 0.192 0.121 82 0.041 0.193 0.117 
83 0.058 0.182 0.120 83 0.035 0.194 0.115 
84 0.053 0.179 0.116 84 0.035 0.196 0.115 
85 0.052 0.169 0.111 85 0.038 0.192 0.115 
86 0.066 0.176 0.121 86 0.029 0.194 0.112 
87 0.066 0.172 0.119 87 0.031 0.202 0.117 
88 0.089 0.196 0.143 88 0.042 0.220 0.131 
89 0.048 0.222 0.135 89 0.045 0.188 0.117 
90 0.078 0.184 0.131 90 0.047 0.198 0.122 
91 0.069 0.194 0.132 91 0.037 0.191 0.114 
92 0.080 0.175 0.127 92 0.031 0.189 0.110 
93 0.110 0.178 0.144 93 0.030 0.190 0.110 
94 0.089 0.172 0.130 94 0.033 0.185 0.109 
95 0.112 0.170 0.141 95 0.032 0.197 0.114 
96 0.145 0.185 0.165 96 0.038 0.211 0.125 
97 0.057 0.211 0.134 97 0.038 0.187 0.112 
98 0.080 0.193 0.136 98 0.047 0.194 0.120 
99 0.073 0.193 0.133 99 0.030 0.191 0.110 
100 0.081 0.177 0.129 100 0.031 0.190 0.110 
101 0.089 0.175 0.132 101 0.029 0.199 0.114 
102 0.091 0.173 0.132 102 0.036 0.201 0.119 
103 0.109 0.170 0.140 103 0.036 0.204 0.120 
104 0.108 0.180 0.144 104 0.032 0.223 0.127 
105 0.051 0.211 0.131 105 0.038 0.188 0.113 
106 0.075 0.188 0.131 106 0.046 0.191 0.119 
107 0.070 0.191 0.131 107 0.029 0.191 0.110 
108 0.078 0.175 0.127 108 0.033 0.185 0.109 
109 0.089 0.167 0.128 109 0.030 0.214 0.122 
110 0.099 0.166 0.132 110 0.042 0.208 0.125 
111 0.113 0.176 0.145 111 0.032 0.201 0.117 
112 0.112 0.173 0.143 112 0.027 0.212 0.119 
113 0.061 0.215 0.138 113 0.050 0.197 0.124 
114 0.076 0.191 0.134 114 0.033 0.196 0.115 
115 0.073 0.184 0.128 115 0.037 0.190 0.113 
116 0.079 0.184 0.131 116 0.033 0.195 0.114 
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117 0.081 0.171 0.126 117 0.032 0.194 0.113 
118 0.091 0.167 0.129 118 0.050 0.200 0.125 
119 0.121 0.174 0.148 119 0.036 0.190 0.113 
120 0.109 0.176 0.142 120 0.035 0.197 0.116 
121 0.068 0.220 0.144 121 0.066 0.207 0.136 
122 0.073 0.191 0.132 122 0.047 0.183 0.115 
123 0.092 0.174 0.133 123 0.036 0.181 0.109 
124 0.084 0.172 0.128 124 0.031 0.195 0.113 
125 0.078 0.181 0.129 125 0.030 0.204 0.117 
126 0.099 0.172 0.136 126 0.028 0.200 0.114 
127 0.105 0.173 0.139 127 0.037 0.194 0.115 
128 0.104 0.180 0.142 128 0.036 0.201 0.119 
129 0.056 0.198 0.127 129 0.057 0.198 0.128 
130 0.082 0.169 0.126 130 0.032 0.192 0.112 
131 0.096 0.164 0.130 131 0.033 0.192 0.112 
132 0.070 0.165 0.118 132 0.032 0.195 0.114 
133 0.092 0.154 0.123 133 0.036 0.193 0.114 
134 0.088 0.158 0.123 134 0.035 0.197 0.116 
135 0.087 0.145 0.116 135 0.028 0.205 0.116 
136 0.131 0.174 0.152 136 0.035 0.203 0.119 
137 0.056 0.183 0.120 137 0.060 0.204 0.132 
138 0.071 0.176 0.123 138 0.033 0.193 0.113 
139 0.072 0.170 0.121 139 0.026 0.215 0.120 
140 0.081 0.168 0.125 140 0.032 0.193 0.113 
141 0.083 0.148 0.116 141 0.029 0.199 0.114 
142 0.085 0.160 0.123 142 0.037 0.195 0.116 
143 0.073 0.158 0.115 143 0.031 0.197 0.114 
144 0.099 0.161 0.130 144 0.026 0.209 0.118 
145 0.047 0.178 0.112 145 0.038 0.188 0.113 
146 0.065 0.178 0.122 146 0.041 0.179 0.110 
147 0.057 0.176 0.117 147 0.052 0.185 0.119 
148 0.069 0.177 0.123 148 0.039 0.182 0.111 
149 0.090 0.161 0.125 149 0.034 0.181 0.108 
150 0.075 0.159 0.117 150 0.052 0.188 0.120 
151 0.086 0.153 0.119 151 0.033 0.202 0.118 
152 0.084 0.158 0.121 152 0.030 0.217 0.124 
153 0.049 0.181 0.115 153 0.039 0.192 0.115 
154 0.064 0.176 0.120 154 0.041 0.191 0.116 
155 0.066 0.173 0.120 155 0.038 0.190 0.114 
156 0.053 0.180 0.117 156 0.040 0.185 0.113 
157 0.066 0.172 0.119 157 0.035 0.187 0.111 
158 0.059 0.167 0.113 158 0.057 0.192 0.125 
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159 0.090 0.164 0.127 159 0.047 0.200 0.123 
160 0.079 0.157 0.118 160 0.031 0.212 0.121 
161 0.072 0.188 0.130 161 0.050 0.202 0.126 
162 0.085 0.173 0.129 162 0.052 0.190 0.121 
163 0.064 0.168 0.116 163 0.033 0.190 0.112 
164 0.078 0.165 0.122 164 0.038 0.188 0.113 
165 0.071 0.164 0.117 165 0.043 0.189 0.116 
166 0.074 0.154 0.114 166 0.037 0.196 0.117 
167 0.106 0.161 0.134 167 0.043 0.201 0.122 
168 0.105 0.162 0.133 168 0.035 0.204 0.120 
169 0.082 0.179 0.130 169 0.023 0.202 0.112 
170 0.081 0.179 0.130 170 0.027 0.198 0.113 
171 0.074 0.167 0.121 171 0.036 0.190 0.113 
172 0.101 0.166 0.134 172 0.051 0.189 0.120 
173 0.085 0.155 0.120 173 0.042 0.188 0.115 
174 0.070 0.158 0.114 174 0.040 0.194 0.117 
175 0.076 0.150 0.113 175 0.040 0.198 0.119 
176 0.080 0.163 0.122 176 0.038 0.224 0.131 
177 0.066 0.183 0.124 177 0.027 0.203 0.115 
178 0.062 0.190 0.126 178 0.053 0.192 0.122 
179 0.083 0.170 0.126 179 0.036 0.190 0.113 
180 0.093 0.171 0.132 180 0.043 0.186 0.114 
181 0.080 0.162 0.121 181 0.041 0.194 0.118 
182 0.067 0.158 0.113 182 0.040 0.189 0.114 
183 0.067 0.169 0.118 183 0.041 0.187 0.114 
184 0.082 0.156 0.119 184 0.032 0.207 0.119 
185 0.060 0.185 0.122 185 0.026 0.201 0.114 
186 0.065 0.193 0.129 186 0.035 0.192 0.113 
187 0.042 0.181 0.112 187 0.034 0.186 0.110 
188 0.063 0.165 0.114 188 0.044 0.185 0.114 
189 0.089 0.164 0.127 189 0.036 0.189 0.112 
190 0.076 0.170 0.123 190 0.040 0.183 0.112 
191 0.082 0.166 0.124 191 0.035 0.185 0.110 
192 0.083 0.161 0.122 192 0.039 0.202 0.120 
193 0.080 0.172 0.126 193 0.032 0.200 0.116 
194 0.057 0.187 0.122 194 0.040 0.198 0.119 
195 0.079 0.168 0.123 195 0.052 0.196 0.124 
196 0.088 0.170 0.129 196 0.036 0.199 0.117 
197 0.085 0.163 0.124 197 0.041 0.188 0.115 
198 0.069 0.166 0.117 198 0.028 0.202 0.115 
199 0.068 0.175 0.121 199 0.036 0.194 0.115 
200 0.071 0.171 0.121 200 0.038 0.211 0.125 
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201 0.051 0.180 0.115     
202 0.050 0.187 0.119     
203 0.055 0.182 0.118     
204 0.069 0.170 0.120     
205 0.053 0.177 0.115     
206 0.065 0.175 0.120     
207 0.046 0.187 0.116     
208 0.045 0.179 0.112     
209 0.045 0.173 0.109     
210 0.042 0.191 0.116     
211 0.058 0.173 0.115     
212 0.060 0.174 0.117     
213 0.049 0.182 0.115     
214 0.064 0.173 0.118     
215 0.044 0.192 0.118     
216 0.034 0.186 0.110     
 
D.5 Sintering at 960C 60minutes 
Picture # Intermodes Mean Average Picture # Intermodes Mean Average 
1 0.056 0.160 0.108 1 0.078 0.193 0.136 
2 0.064 0.161 0.112 2 0.113 0.214 0.163 
3 0.076 0.184 0.130 3 0.120 0.212 0.166 
4 0.070 0.156 0.113 4 0.096 0.196 0.146 
5 0.069 0.158 0.113 5 0.079 0.180 0.129 
6 0.078 0.161 0.120 6 0.051 0.188 0.119 
7 0.107 0.185 0.146 7 0.053 0.232 0.142 
8 0.115 0.205 0.160 8 0.086 0.180 0.133 
9 0.044 0.143 0.094 9 0.114 0.218 0.166 
10 0.070 0.154 0.112 10 0.092 0.202 0.147 
11 0.072 0.175 0.124 11 0.092 0.202 0.147 
12 0.062 0.142 0.102 12 0.075 0.175 0.125 
13 0.065 0.145 0.105 13 0.057 0.181 0.119 
14 0.052 0.128 0.090 14 0.042 0.226 0.134 
15 0.079 0.150 0.114 15 0.047 0.214 0.131 
16 0.093 0.186 0.139 16 0.075 0.187 0.131 
17 0.033 0.144 0.088 17 0.070 0.180 0.125 
18 0.069 0.156 0.113 18 0.064 0.178 0.121 
19 0.063 0.149 0.106 19 0.085 0.184 0.134 
20 0.069 0.155 0.112 20 0.050 0.160 0.105 
21 0.047 0.128 0.088 21 0.048 0.175 0.111 
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22 0.058 0.134 0.096 22 0.036 0.190 0.113 
23 0.078 0.147 0.112 23 0.043 0.205 0.124 
24 0.103 0.171 0.137 24 0.047 0.179 0.113 
25 0.048 0.148 0.098 25 0.047 0.195 0.121 
26 0.069 0.155 0.112 26 0.045 0.251 0.148 
27 0.054 0.136 0.095 27 0.056 0.234 0.145 
28 0.053 0.139 0.096 28 0.036 0.177 0.107 
29 0.064 0.144 0.104 29 0.035 0.180 0.108 
30 0.055 0.133 0.094 30 0.044 0.206 0.125 
31 0.083 0.155 0.119 31 0.033 0.170 0.101 
32 0.131 0.208 0.169 32 0.037 0.174 0.105 
33 0.064 0.130 0.097 33 0.056 0.205 0.130 
34 0.074 0.148 0.111 34 0.046 0.261 0.154 
35 0.059 0.145 0.102 35 0.048 0.194 0.121 
36 0.058 0.137 0.097 36 0.043 0.191 0.117 
37 0.052 0.128 0.090 37 0.039 0.229 0.134 
38 0.083 0.158 0.120 38 0.037 0.193 0.115 
39 0.060 0.145 0.102 39 0.036 0.177 0.107 
40 0.084 0.160 0.122 40 0.031 0.168 0.099 
41 0.047 0.138 0.092 41 0.050 0.186 0.118 
42 0.067 0.144 0.105 42 0.034 0.194 0.114 
43 0.071 0.152 0.111 43 0.034 0.209 0.121 
44 0.068 0.148 0.108 44 0.036 0.191 0.113 
45 0.055 0.142 0.099 45 0.039 0.228 0.133 
46 0.083 0.149 0.116 46 0.044 0.213 0.128 
47 0.090 0.161 0.126 47 0.029 0.184 0.106 
48 0.120 0.190 0.155 48 0.038 0.181 0.109 
49 0.061 0.147 0.104 49 0.087 0.187 0.137 
50 0.092 0.165 0.129 50 0.053 0.176 0.114 
51 0.052 0.131 0.092 51 0.043 0.185 0.114 
52 0.041 0.122 0.082 52 0.051 0.157 0.104 
53 0.083 0.152 0.117 53 0.036 0.170 0.103 
54 0.070 0.139 0.104 54 0.046 0.169 0.108 
55 0.073 0.137 0.105 55 0.034 0.168 0.101 
56 0.127 0.202 0.165 56 0.032 0.197 0.115 
57 0.060 0.150 0.105 57 0.068 0.191 0.129 
58 0.099 0.176 0.138 58 0.087 0.201 0.144 
59 0.074 0.157 0.115 59 0.058 0.184 0.121 
60 0.060 0.141 0.101 60 0.052 0.181 0.116 
61 0.076 0.154 0.115 61 0.055 0.177 0.116 
62 0.060 0.138 0.099 62 0.035 0.172 0.103 
63 0.083 0.153 0.118 63 0.030 0.181 0.106 
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64 0.111 0.187 0.149 64 0.036 0.196 0.116 
65 0.054 0.148 0.101 65 0.078 0.193 0.135 
66 0.086 0.161 0.123 66 0.103 0.196 0.150 
67 0.081 0.158 0.120 67 0.047 0.175 0.111 
68 0.058 0.145 0.102 68 0.036 0.157 0.096 
69 0.050 0.129 0.089 69 0.039 0.158 0.098 
70 0.059 0.136 0.098 70 0.025 0.168 0.096 
71 0.068 0.138 0.103 71 0.033 0.173 0.103 
72 0.114 0.189 0.151 72 0.030 0.191 0.110 
73 0.066 0.148 0.107 73 0.089 0.198 0.143 
74 0.101 0.170 0.136 74 0.056 0.161 0.108 
75 0.072 0.150 0.111 75 0.059 0.161 0.110 
76 0.072 0.155 0.113 76 0.038 0.172 0.105 
77 0.053 0.133 0.093 77 0.034 0.171 0.102 
78 0.057 0.133 0.095 78 0.032 0.174 0.103 
79 0.083 0.155 0.119 79 0.029 0.178 0.104 
80 0.112 0.190 0.151 80 0.035 0.193 0.114 
81 0.063 0.155 0.109 81 0.081 0.189 0.135 
82 0.076 0.143 0.110 82 0.050 0.153 0.102 
83 0.084 0.160 0.122 83 0.083 0.183 0.133 
84 0.062 0.143 0.102 84 0.074 0.178 0.126 
85 0.095 0.168 0.132 85 0.028 0.184 0.106 
86 0.064 0.139 0.102 86 0.036 0.175 0.106 
87 0.048 0.156 0.102 87 0.028 0.179 0.104 
88 0.091 0.165 0.128 88 0.026 0.191 0.109 
89 0.044 0.141 0.092 89 0.091 0.184 0.137 
90 0.066 0.151 0.109 90 0.065 0.167 0.116 
91 0.069 0.143 0.106 91 0.045 0.174 0.110 
92 0.069 0.144 0.106 92 0.033 0.180 0.107 
93 0.071 0.146 0.109 93 0.028 0.178 0.103 
94 0.082 0.159 0.121 94 0.030 0.187 0.109 
95 0.078 0.151 0.114 95 0.033 0.169 0.101 
96 0.072 0.159 0.115 96 0.024 0.201 0.112 
97 0.046 0.149 0.098 97 0.068 0.178 0.123 
98 0.055 0.137 0.096 98 0.047 0.172 0.110 
99 0.073 0.146 0.110 99 0.032 0.187 0.109 
100 0.069 0.148 0.108 100 0.037 0.179 0.108 
101 0.086 0.158 0.122 101 0.040 0.172 0.106 
102 0.063 0.142 0.102 102 0.033 0.176 0.105 
103 0.091 0.165 0.128 103 0.027 0.188 0.107 
104 0.113 0.182 0.148 104 0.025 0.178 0.101 
105 0.045 0.145 0.095 105 0.054 0.180 0.117 
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106 0.066 0.150 0.108 106 0.042 0.177 0.110 
107 0.055 0.140 0.097 107 0.037 0.177 0.107 
108 0.073 0.148 0.111 108 0.030 0.190 0.110 
109 0.101 0.175 0.138 109 0.025 0.178 0.101 
110 0.096 0.175 0.136 110 0.031 0.170 0.100 
111 0.093 0.171 0.132 111 0.025 0.181 0.103 
112 0.107 0.176 0.141 112 0.035 0.170 0.103 
113 0.045 0.145 0.095 113 0.053 0.164 0.108 
114 0.076 0.152 0.114 114 0.055 0.164 0.110 
115 0.061 0.138 0.100 115 0.039 0.159 0.099 
116 0.102 0.184 0.143 116 0.047 0.159 0.103 
117 0.094 0.176 0.135 117 0.039 0.157 0.098 
118 0.097 0.170 0.133 118 0.041 0.159 0.100 
119 0.107 0.181 0.144 119 0.032 0.166 0.099 
120 0.109 0.183 0.146 120 0.038 0.186 0.112 
121 0.055 0.152 0.103 121 0.061 0.184 0.122 
122 0.068 0.146 0.107 122 0.041 0.173 0.107 
123 0.074 0.154 0.114 123 0.037 0.169 0.103 
124 0.052 0.132 0.092 124 0.057 0.166 0.111 
125 0.083 0.154 0.119 125 0.044 0.154 0.099 
126 0.080 0.153 0.116 126 0.032 0.170 0.101 
127 0.090 0.167 0.128 127 0.037 0.167 0.102 
128 0.126 0.211 0.169 128 0.036 0.183 0.109 
129 0.058 0.143 0.101 129 0.063 0.186 0.125 
130 0.056 0.133 0.095 130 0.033 0.175 0.104 
131 0.054 0.131 0.093 131 0.037 0.166 0.102 
132 0.065 0.143 0.104 132 0.040 0.159 0.099 
133 0.064 0.138 0.101 133 0.029 0.169 0.099 
134 0.103 0.180 0.141 134 0.027 0.175 0.101 
135 0.095 0.161 0.128 135 0.034 0.173 0.104 
136 0.111 0.111 0.111 136 0.033 0.182 0.108 
137 0.050 0.137 0.093 137 0.049 0.185 0.117 
138 0.057 0.137 0.097 138 0.039 0.172 0.105 
139 0.073 0.145 0.109 139 0.053 0.160 0.106 
140 0.079 0.160 0.120 140 0.035 0.163 0.099 
141 0.084 0.162 0.123 141 0.032 0.171 0.101 
142 0.088 0.160 0.124 142 0.031 0.170 0.101 
143 0.090 0.165 0.127 143 0.032 0.163 0.098 
144 0.109 0.194 0.151 144 0.033 0.176 0.104 
145 0.057 0.149 0.103 145 0.039 0.182 0.111 
146 0.087 0.166 0.126 146 0.042 0.177 0.109 
147 0.082 0.156 0.119 147 0.058 0.168 0.113 
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148 0.086 0.164 0.125 148 0.041 0.162 0.102 
149 0.033 0.132 0.083 149 0.036 0.170 0.103 
150 0.086 0.162 0.124 150 0.026 0.183 0.105 
151 0.091 0.172 0.132 151 0.025 0.182 0.104 
152 0.104 0.183 0.144 152 0.025 0.166 0.095 
153 0.068 0.153 0.110 153 0.049 0.189 0.119 
154 0.067 0.143 0.105 154 0.033 0.171 0.102 
155 0.073 0.147 0.110 155 0.038 0.159 0.099 
156 0.094 0.171 0.133 156 0.031 0.171 0.101 
157 0.102 0.178 0.140 157 0.038 0.171 0.105 
158 0.090 0.165 0.127 158 0.036 0.168 0.102 
159 0.108 0.186 0.147 159 0.034 0.171 0.103 
160 0.116 0.188 0.152 160 0.024 0.177 0.100 
161 0.052 0.145 0.098 161 0.041 0.182 0.112 
162 0.070 0.158 0.114 162 0.038 0.172 0.105 
163 0.069 0.145 0.107 163 0.043 0.173 0.108 
164 0.112 0.196 0.154 164 0.037 0.178 0.107 
165 0.094 0.180 0.137 165 0.035 0.179 0.107 
166 0.088 0.158 0.123 166 0.029 0.188 0.108 
167 0.103 0.180 0.141 167 0.029 0.175 0.102 
168 0.099 0.189 0.144 168 0.022 0.175 0.099 
169 0.066 0.165 0.115 169 0.037 0.177 0.107 
170 0.080 0.162 0.121 170 0.036 0.169 0.102 
171 0.094 0.178 0.136 171 0.037 0.164 0.100 
172 0.099 0.172 0.136 172 0.034 0.175 0.105 
173 0.091 0.166 0.128 173 0.028 0.187 0.108 
174 0.122 0.194 0.158 174 0.036 0.172 0.104 
175 0.131 0.204 0.168 175 0.030 0.178 0.104 
176 0.107 0.186 0.146 176 0.022 0.178 0.100 
177 0.073 0.156 0.115 177 0.029 0.181 0.105 
178 0.067 0.152 0.109 178 0.030 0.172 0.101 
179 0.077 0.152 0.115 179 0.035 0.173 0.104 
180 0.111 0.183 0.147 180 0.039 0.169 0.104 
181 0.095 0.168 0.131 181 0.033 0.183 0.108 
182 0.078 0.171 0.124 182 0.030 0.177 0.103 
183 0.092 0.162 0.127 183 0.034 0.169 0.102 
184 0.095 0.175 0.135 184 0.025 0.169 0.097 
185 0.065 0.160 0.113 185 0.019 0.180 0.100 
186 0.063 0.155 0.109 186 0.033 0.170 0.101 
187 0.106 0.190 0.148 187 0.037 0.171 0.104 
188 0.119 0.198 0.159 188 0.040 0.167 0.104 
189 0.105 0.180 0.143 189 0.034 0.163 0.099 
82 
 
 
190 0.096 0.169 0.132 190 0.039 0.163 0.101 
191 0.094 0.170 0.132 191 0.045 0.169 0.107 
192 0.082 0.138 0.110 192 0.039 0.174 0.107 
193 0.058 0.150 0.104 193 0.031 0.185 0.108 
194 0.072 0.161 0.117 194 0.028 0.181 0.105 
195 0.080 0.175 0.128 195 0.036 0.174 0.105 
196 0.101 0.188 0.145 196 0.036 0.173 0.105 
197 0.064 0.163 0.113 197 0.036 0.170 0.103 
198 0.077 0.170 0.123 198 0.031 0.172 0.102 
199 0.061 0.150 0.106 199 0.040 0.168 0.104 
200 0.052 0.138 0.095 200 0.030 0.179 0.105 
 
D.6 Sintering at 960C 120minutes 
Picture # Intermodes Mean Average Picture # Intermodes Mean Average 
1 0.059 0.165 0.112 1 0.084 0.198 0.141 
2 0.047 0.150 0.099 2 0.043 0.170 0.107 
3 0.047 0.144 0.096 3 0.035 0.169 0.102 
4 0.048 0.153 0.100 4 0.023 0.196 0.109 
5 0.053 0.150 0.101 5 0.027 0.181 0.104 
6 0.059 0.153 0.106 6 0.021 0.191 0.106 
7 0.064 0.159 0.112 7 0.026 0.166 0.096 
8 0.068 0.162 0.115 8 0.036 0.179 0.108 
9 0.043 0.151 0.097 9 0.059 0.177 0.118 
10 0.039 0.152 0.096 10 0.062 0.169 0.116 
11 0.040 0.149 0.094 11 0.036 0.165 0.101 
12 0.052 0.142 0.097 12 0.027 0.171 0.099 
13 0.049 0.147 0.098 13 0.031 0.177 0.104 
14 0.061 0.150 0.105 14 0.026 0.174 0.100 
15 0.056 0.149 0.103 15 0.021 0.183 0.102 
16 0.059 0.151 0.105 16 0.026 0.178 0.102 
17 0.037 0.146 0.091 17 0.068 0.176 0.122 
18 0.044 0.156 0.100 18 0.043 0.163 0.103 
19 0.036 0.144 0.090 19 0.035 0.169 0.102 
20 0.050 0.145 0.097 20 0.022 0.180 0.101 
21 0.055 0.150 0.103 21 0.023 0.177 0.100 
22 0.059 0.154 0.106 22 0.021 0.174 0.097 
23 0.071 0.155 0.113 23 0.023 0.187 0.105 
24 0.072 0.161 0.116 24 0.026 0.192 0.109 
25 0.021 0.160 0.090 25 0.044 0.176 0.110 
26 0.037 0.154 0.096 26 0.036 0.171 0.103 
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27 0.035 0.144 0.089 27 0.028 0.188 0.108 
28 0.050 0.149 0.100 28 0.025 0.179 0.102 
29 0.046 0.151 0.099 29 0.023 0.179 0.101 
30 0.048 0.151 0.099 30 0.018 0.191 0.105 
31 0.057 0.150 0.104 31 0.021 0.175 0.098 
32 0.064 0.155 0.110 32 0.018 0.159 0.088 
33 0.025 0.155 0.090 33 0.048 0.172 0.110 
34 0.030 0.158 0.094 34 0.060 0.169 0.115 
35 0.037 0.149 0.093 35 0.036 0.166 0.101 
36 0.052 0.153 0.103 36 0.033 0.172 0.102 
37 0.045 0.148 0.097 37 0.028 0.183 0.106 
38 0.040 0.149 0.094 38 0.022 0.175 0.099 
39 0.037 0.149 0.093 39 0.023 0.179 0.101 
40 0.059 0.153 0.106 40 0.025 0.171 0.098 
41 0.036 0.149 0.092 41 0.059 0.164 0.111 
42 0.038 0.154 0.096 42 0.043 0.161 0.102 
43 0.036 0.155 0.096 43 0.034 0.170 0.102 
44 0.043 0.144 0.094 44 0.035 0.169 0.102 
45 0.050 0.155 0.103 45 0.022 0.181 0.102 
46 0.044 0.142 0.093 46 0.021 0.180 0.100 
47 0.057 0.150 0.104 47 0.029 0.157 0.093 
48 0.065 0.160 0.113 48 0.054 0.159 0.106 
49 0.033 0.156 0.095 49 0.119 0.207 0.163 
50 0.032 0.157 0.095 50 0.118 0.202 0.160 
51 0.032 0.150 0.091 51 0.059 0.174 0.116 
52 0.036 0.153 0.094 52 0.026 0.175 0.101 
53 0.040 0.153 0.097 53 0.026 0.180 0.103 
54 0.038 0.146 0.092 54 0.020 0.187 0.103 
55 0.068 0.160 0.114 55 0.021 0.170 0.096 
56 0.070 0.168 0.119 56 0.041 0.162 0.101 
57 0.029 0.145 0.087 57 0.077 0.179 0.128 
58 0.029 0.152 0.090 58 0.077 0.185 0.131 
59 0.032 0.147 0.090 59 0.046 0.166 0.106 
60 0.036 0.152 0.094 60 0.027 0.176 0.101 
61 0.040 0.155 0.097 61 0.024 0.178 0.101 
62 0.043 0.145 0.094 62 0.023 0.176 0.099 
63 0.054 0.146 0.100 63 0.053 0.155 0.104 
64 0.062 0.161 0.112 64 0.077 0.175 0.126 
65 0.027 0.144 0.085 65 0.051 0.168 0.109 
66 0.027 0.144 0.086 66 0.055 0.171 0.113 
67 0.029 0.155 0.092 67 0.050 0.176 0.113 
68 0.042 0.152 0.097 68 0.049 0.171 0.110 
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69 0.041 0.149 0.095 69 0.031 0.171 0.101 
70 0.040 0.146 0.093 70 0.022 0.180 0.101 
71 0.064 0.159 0.112 71 0.084 0.184 0.134 
72 0.074 0.164 0.119 72 0.102 0.203 0.153 
73 0.031 0.154 0.093 73 0.071 0.180 0.125 
74 0.033 0.149 0.091 74 0.047 0.169 0.108 
75 0.035 0.142 0.088 75 0.033 0.169 0.101 
76 0.048 0.148 0.098 76 0.025 0.170 0.097 
77 0.052 0.151 0.102 77 0.024 0.168 0.096 
78 0.035 0.142 0.089 78 0.025 0.169 0.097 
79 0.049 0.149 0.099 79 0.068 0.169 0.118 
80 0.083 0.166 0.125 80 0.097 0.204 0.150 
81 0.024 0.155 0.089 81 0.072 0.182 0.127 
82 0.034 0.153 0.093 82 0.036 0.172 0.104 
83 0.035 0.149 0.092 83 0.038 0.166 0.102 
84 0.036 0.146 0.091 84 0.022 0.169 0.096 
85 0.032 0.159 0.095 85 0.020 0.165 0.093 
86 0.031 0.157 0.094 86 0.020 0.168 0.094 
87 0.042 0.147 0.095 87 0.058 0.173 0.116 
88 0.071 0.161 0.116 88 0.110 0.221 0.166 
89 0.025 0.154 0.089 89 0.073 0.180 0.126 
90 0.034 0.157 0.095 90 0.044 0.167 0.106 
91 0.037 0.157 0.097 91 0.051 0.166 0.109 
92 0.031 0.153 0.092 92 0.046 0.173 0.110 
93 0.042 0.150 0.096 93 0.024 0.176 0.100 
94 0.046 0.151 0.098 94 0.024 0.177 0.101 
95 0.060 0.161 0.111 95 0.021 0.174 0.097 
96 0.089 0.176 0.133 96 0.035 0.162 0.099 
97 0.025 0.148 0.087 97 0.093 0.186 0.139 
98 0.033 0.153 0.093 98 0.047 0.164 0.106 
99 0.035 0.155 0.095 99 0.042 0.165 0.104 
100 0.038 0.151 0.095 100 0.036 0.165 0.100 
101 0.038 0.141 0.090 101 0.034 0.170 0.102 
102 0.049 0.144 0.097 102 0.028 0.174 0.101 
103 0.072 0.175 0.124 103 0.021 0.170 0.095 
104 0.083 0.178 0.131 104 0.015 0.166 0.091 
105 0.025 0.146 0.085 105 0.078 0.175 0.127 
106 0.032 0.151 0.091 106 0.040 0.166 0.103 
107 0.036 0.155 0.095 107 0.038 0.166 0.102 
108 0.046 0.153 0.100 108 0.040 0.172 0.106 
109 0.043 0.151 0.097 109 0.033 0.174 0.104 
110 0.040 0.149 0.095 110 0.054 0.169 0.112 
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111 0.060 0.161 0.111 111 0.028 0.181 0.104 
112 0.066 0.163 0.114 112 0.018 0.180 0.099 
113 0.030 0.154 0.092 113 0.061 0.168 0.114 
114 0.031 0.159 0.095 114 0.057 0.166 0.112 
115 0.042 0.147 0.095 115 0.037 0.170 0.103 
116 0.036 0.151 0.094 116 0.027 0.165 0.096 
117 0.047 0.147 0.097 117 0.020 0.157 0.089 
118 0.032 0.152 0.092 118 0.093 0.188 0.140 
119 0.055 0.147 0.101 119 0.028 0.168 0.098 
120 0.081 0.167 0.124 120 0.022 0.172 0.097 
121 0.032 0.158 0.095 121 0.057 0.170 0.113 
122 0.029 0.152 0.091 122 0.060 0.172 0.116 
123 0.038 0.147 0.093 123 0.034 0.170 0.102 
124 0.036 0.149 0.093 124 0.026 0.175 0.100 
125 0.061 0.159 0.110 125 0.041 0.169 0.105 
126 0.058 0.159 0.109 126 0.114 0.207 0.160 
127 0.048 0.146 0.097 127 0.059 0.176 0.118 
128 0.075 0.157 0.116 128 0.026 0.180 0.103 
129 0.032 0.156 0.094 129 0.074 0.176 0.125 
130 0.035 0.152 0.094 130 0.068 0.166 0.117 
131 0.042 0.154 0.098 131 0.036 0.163 0.100 
132 0.035 0.149 0.092 132 0.027 0.177 0.102 
133 0.045 0.152 0.098 133 0.056 0.164 0.110 
134 0.057 0.159 0.108 134 0.069 0.181 0.125 
135 0.058 0.149 0.104 135 0.029 0.179 0.104 
136 0.083 0.168 0.125 136 0.027 0.181 0.104 
137 0.039 0.158 0.098 137 0.073 0.181 0.127 
138 0.035 0.152 0.094 138 0.044 0.175 0.110 
139 0.038 0.156 0.097 139 0.028 0.177 0.102 
140 0.030 0.143 0.087 140 0.021 0.160 0.091 
141 0.037 0.149 0.093 141 0.018 0.155 0.086 
142 0.047 0.154 0.100 142 0.021 0.180 0.101 
143 0.074 0.162 0.118 143 0.018 0.161 0.090 
144 0.082 0.165 0.123 144 0.028 0.170 0.099 
145 0.035 0.155 0.095 145 0.086 0.186 0.136 
146 0.033 0.154 0.093 146 0.049 0.167 0.108 
147 0.034 0.156 0.095 147 0.048 0.173 0.110 
148 0.035 0.147 0.091 148 0.030 0.174 0.102 
149 0.034 0.145 0.089 149 0.025 0.171 0.098 
150 0.041 0.150 0.096 150 0.019 0.167 0.093 
151 0.075 0.172 0.124 151 0.022 0.182 0.102 
152 0.082 0.163 0.123 152 0.023 0.174 0.099 
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153 0.035 0.140 0.087 153 0.058 0.175 0.117 
154 0.033 0.153 0.093 154 0.037 0.177 0.107 
155 0.041 0.158 0.099 155 0.043 0.170 0.107 
156 0.037 0.147 0.092 156 0.033 0.158 0.096 
157 0.029 0.155 0.092 157 0.045 0.170 0.107 
158 0.037 0.146 0.091 158 0.029 0.160 0.094 
159 0.069 0.156 0.113 159 0.066 0.176 0.121 
160 0.091 0.178 0.134 160 0.077 0.191 0.134 
161 0.023 0.133 0.078 161 0.059 0.179 0.119 
162 0.025 0.148 0.086 162 0.059 0.175 0.117 
163 0.043 0.159 0.101 163 0.057 0.168 0.112 
164 0.037 0.153 0.095 164 0.034 0.169 0.101 
165 0.036 0.151 0.093 165 0.021 0.168 0.095 
166 0.036 0.148 0.092 166 0.033 0.162 0.098 
167 0.055 0.152 0.104 167 0.054 0.180 0.117 
168 0.078 0.171 0.125 168 0.119 0.217 0.168 
169 0.023 0.133 0.078 169 0.087 0.191 0.139 
170 0.027 0.139 0.083 170 0.074 0.175 0.125 
171 0.030 0.149 0.090 171 0.055 0.168 0.112 
172 0.035 0.147 0.091 172 0.037 0.172 0.104 
173 0.035 0.147 0.091 173 0.037 0.172 0.104 
174 0.037 0.150 0.094 174 0.032 0.175 0.103 
175 0.052 0.149 0.100 175 0.025 0.167 0.096 
176 0.068 0.161 0.115 176 0.037 0.183 0.110 
177 0.026 0.145 0.086 177 0.073 0.185 0.129 
178 0.031 0.145 0.088 178 0.075 0.180 0.127 
179 0.038 0.155 0.097 179 0.051 0.173 0.112 
180 0.035 0.147 0.091 180 0.044 0.172 0.108 
181 0.039 0.150 0.094 181 0.034 0.178 0.106 
182 0.040 0.144 0.092 182 0.026 0.164 0.095 
183 0.068 0.154 0.111 183 0.023 0.203 0.113 
184 0.091 0.175 0.133 184 0.022 0.197 0.109 
185 0.029 0.147 0.088 185 0.074 0.178 0.126 
186 0.026 0.142 0.084 186 0.060 0.171 0.115 
187 0.039 0.156 0.097 187 0.047 0.168 0.108 
188 0.043 0.154 0.099 188 0.049 0.176 0.112 
189 0.047 0.149 0.098 189 0.040 0.175 0.108 
190 0.060 0.148 0.104 190 0.027 0.173 0.100 
191 0.068 0.155 0.112 191 0.028 0.174 0.101 
192 0.092 0.176 0.134 192 0.018 0.160 0.089 
193 0.013 0.145 0.079 193 0.070 0.184 0.127 
194 0.033 0.144 0.088 194 0.063 0.183 0.123 
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195 0.048 0.154 0.101 195 0.076 0.177 0.127 
196 0.049 0.156 0.103 196 0.051 0.170 0.111 
197 0.044 0.153 0.098 197 0.046 0.168 0.107 
198 0.046 0.148 0.097 198 0.031 0.169 0.100 
199 0.082 0.170 0.126 199 0.030 0.185 0.107 
200 0.098 0.181 0.139 200 0.040 0.203 0.121 
201 0.036 0.141 0.088     
202 0.032 0.133 0.083     
203 0.039 0.155 0.097     
204 0.045 0.157 0.101     
205 0.038 0.150 0.094     
206 0.042 0.144 0.093     
207 0.065 0.155 0.110     
208 0.088 0.181 0.135     
209 0.023 0.155 0.089     
210 0.031 0.148 0.089     
211 0.042 0.150 0.096     
212 0.047 0.160 0.104     
213 0.043 0.147 0.095     
214 0.055 0.151 0.103     
215 0.086 0.168 0.127     
216 0.104 0.192 0.148     
217 0.031 0.146 0.089     
218 0.038 0.149 0.093     
219 0.051 0.158 0.105     
220 0.046 0.162 0.104     
221 0.056 0.162 0.109     
222 0.059 0.155 0.107     
223 0.084 0.170 0.127     
224 0.088 0.174 0.131     
225 0.039 0.148 0.093     
226 0.035 0.154 0.094     
227 0.040 0.155 0.098     
228 0.040 0.166 0.103     
229 0.044 0.162 0.103     
230 0.047 0.153 0.100     
231 0.069 0.157 0.113     
232 0.102 0.186 0.144     
 
D.7 Sintering at 1035C 20minutes 
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Picture # Intermodes Mean Average Picture # Intermodes Mean Average 
1 0.098 0.123 0.111 1 0.165 0.247 0.206 
2 0.098 0.117 0.108 2 0.090 0.195 0.143 
3 0.095 0.115 0.105 3 0.095 0.191 0.143 
4 0.108 0.130 0.119 4 0.082 0.178 0.130 
5 0.124 0.147 0.136 5 0.119 0.200 0.159 
6 0.116 0.136 0.126 6 0.132 0.209 0.171 
7 0.155 0.180 0.168 7 0.115 0.212 0.163 
8 0.165 0.192 0.179 8 0.131 0.230 0.181 
9 0.066 0.084 0.075 9 0.122 0.219 0.171 
10 0.100 0.118 0.109 10 0.104 0.199 0.151 
11 0.079 0.098 0.089 11 0.081 0.181 0.131 
12 0.104 0.121 0.113 12 0.088 0.183 0.135 
13 0.119 0.141 0.130 13 0.110 0.197 0.153 
14 0.099 0.123 0.111 14 0.081 0.174 0.127 
15 0.114 0.143 0.128 15 0.102 0.197 0.149 
16 0.141 0.172 0.156 16 0.126 0.212 0.169 
17 0.063 0.085 0.074 17 0.136 0.223 0.180 
18 0.100 0.124 0.112 18 0.124 0.210 0.167 
19 0.102 0.121 0.111 19 0.095 0.192 0.143 
20 0.107 0.128 0.117 20 0.084 0.183 0.133 
21 0.118 0.136 0.127 21 0.081 0.182 0.131 
22 0.115 0.141 0.128 22 0.097 0.188 0.143 
23 0.136 0.165 0.150 23 0.087 0.180 0.134 
24 0.165 0.193 0.179 24 0.087 0.185 0.136 
25 0.108 0.135 0.122 25 0.138 0.234 0.186 
26 0.104 0.121 0.113 26 0.121 0.212 0.166 
27 0.123 0.149 0.136 27 0.103 0.200 0.151 
28 0.096 0.122 0.109 28 0.112 0.199 0.156 
29 0.096 0.116 0.106 29 0.098 0.191 0.144 
30 0.117 0.139 0.128 30 0.096 0.186 0.141 
31 0.162 0.189 0.175 31 0.100 0.191 0.146 
32 0.172 0.201 0.187 32 0.133 0.229 0.181 
33 0.086 0.111 0.099 33 0.147 0.236 0.191 
34 0.081 0.105 0.093 34 0.127 0.215 0.171 
35 0.115 0.140 0.127 35 0.099 0.197 0.148 
36 0.119 0.144 0.132 36 0.086 0.199 0.142 
37 0.109 0.132 0.120 37 0.102 0.199 0.151 
38 0.126 0.151 0.138 38 0.132 0.210 0.171 
39 0.138 0.162 0.150 39 0.086 0.188 0.137 
40 0.147 0.177 0.162 40 0.102 0.212 0.157 
41 0.084 0.110 0.097 41 0.165 0.246 0.206 
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42 0.134 0.159 0.146 42 0.118 0.209 0.164 
43 0.144 0.167 0.156 43 0.077 0.184 0.131 
44 0.122 0.147 0.134 44 0.066 0.184 0.125 
45 0.130 0.156 0.143 45 0.070 0.189 0.129 
46 0.126 0.152 0.139 46 0.095 0.195 0.145 
47 0.140 0.167 0.154 47 0.120 0.206 0.163 
48 0.200 0.227 0.214 48 0.102 0.212 0.157 
49 0.088 0.113 0.100 49 0.144 0.235 0.189 
50 0.106 0.130 0.118 50 0.104 0.207 0.155 
51 0.132 0.157 0.144 51 0.104 0.193 0.149 
52 0.095 0.118 0.106 52 0.091 0.188 0.139 
53 0.098 0.118 0.108 53 0.082 0.187 0.135 
54 0.134 0.161 0.147 54 0.087 0.193 0.140 
55 0.185 0.210 0.198 55 0.100 0.195 0.147 
56 0.207 0.237 0.222 56 0.094 0.199 0.146 
57 0.088 0.112 0.100 57 0.142 0.239 0.190 
58 0.096 0.155 0.126 58 0.111 0.219 0.165 
59 0.123 0.146 0.135 59 0.107 0.202 0.154 
60 0.109 0.131 0.120 60 0.070 0.178 0.124 
61 0.096 0.119 0.107 61 0.098 0.193 0.145 
62 0.139 0.163 0.151 62 0.115 0.200 0.157 
63 0.197 0.225 0.211 63 0.099 0.194 0.146 
64 0.162 0.189 0.176 64 0.114 0.216 0.165 
65 0.092 0.116 0.104 65 0.132 0.227 0.179 
66 0.114 0.140 0.127 66 0.111 0.214 0.163 
67 0.091 0.116 0.104 67 0.073 0.189 0.131 
68 0.120 0.142 0.131 68 0.077 0.193 0.135 
69 0.097 0.118 0.107 69 0.106 0.209 0.157 
70 0.117 0.141 0.129 70 0.115 0.218 0.166 
71 0.158 0.182 0.170 71 0.099 0.194 0.146 
72 0.160 0.188 0.174 72 0.084 0.197 0.141 
73 0.091 0.114 0.102 73 0.128 0.225 0.176 
74 0.117 0.143 0.130 74 0.112 0.209 0.161 
75 0.106 0.129 0.117 75 0.076 0.182 0.129 
76 0.110 0.110 0.110 76 0.073 0.181 0.127 
77 0.102 0.124 0.113 77 0.097 0.198 0.148 
78 0.096 0.119 0.107 78 0.093 0.210 0.151 
79 0.109 0.134 0.122 79 0.086 0.200 0.143 
80 0.128 0.156 0.142 80 0.099 0.200 0.149 
81 0.086 0.113 0.100 81 0.146 0.240 0.193 
82 0.097 0.123 0.110 82 0.108 0.215 0.162 
83 0.101 0.125 0.113 83 0.077 0.187 0.132 
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84 0.128 0.154 0.141 84 0.074 0.180 0.127 
85 0.109 0.132 0.120 85 0.081 0.189 0.135 
86 0.125 0.151 0.138 86 0.092 0.188 0.140 
87 0.143 0.172 0.158 87 0.086 0.188 0.137 
88 0.154 0.182 0.168 88 0.103 0.203 0.153 
89 0.089 0.116 0.102 89 0.095 0.208 0.152 
90 0.082 0.103 0.092 90 0.084 0.200 0.142 
91 0.091 0.112 0.101 91 0.096 0.187 0.142 
92 0.116 0.140 0.128 92 0.093 0.187 0.140 
93 0.098 0.118 0.108 93 0.089 0.188 0.139 
94 0.103 0.128 0.115 94 0.076 0.174 0.125 
95 0.126 0.154 0.140 95 0.093 0.184 0.139 
96 0.165 0.192 0.179 96 0.106 0.202 0.154 
97 0.108 0.135 0.121 97 0.141 0.233 0.187 
98 0.108 0.131 0.120 98 0.101 0.212 0.157 
99 0.112 0.112 0.112 99 0.107 0.196 0.151 
100 0.113 0.134 0.123 100 0.081 0.181 0.131 
101 0.131 0.156 0.143 101 0.116 0.199 0.157 
102 0.091 0.116 0.103 102 0.094 0.178 0.136 
103 0.126 0.156 0.141 103 0.123 0.191 0.157 
104 0.177 0.205 0.191 104 0.154 0.237 0.195 
105 0.099 0.126 0.113 105 0.145 0.238 0.191 
106 0.129 0.149 0.139 106 0.105 0.207 0.156 
107 0.110 0.136 0.123 107 0.116 0.204 0.160 
108 0.132 0.154 0.143 108 0.090 0.185 0.137 
109 0.131 0.154 0.142 109 0.099 0.189 0.144 
110 0.111 0.132 0.121 110 0.090 0.177 0.134 
111 0.125 0.152 0.139 111 0.108 0.192 0.150 
112 0.157 0.182 0.169 112 0.112 0.211 0.161 
113 0.106 0.136 0.121 113 0.137 0.232 0.184 
114 0.154 0.181 0.167 114 0.113 0.214 0.164 
115 0.121 0.141 0.131 115 0.086 0.186 0.136 
116 0.115 0.138 0.127 116 0.084 0.182 0.133 
117 0.105 0.128 0.117 117 0.088 0.182 0.135 
118 0.111 0.136 0.123 118 0.102 0.190 0.146 
119 0.085 0.109 0.097 119 0.135 0.212 0.173 
120 0.123 0.153 0.138 120 0.147 0.230 0.189 
121 0.105 0.132 0.119 121 0.118 0.224 0.171 
122 0.105 0.132 0.118 122 0.105 0.214 0.159 
123 0.127 0.153 0.140 123 0.113 0.203 0.158 
124 0.118 0.142 0.130 124 0.120 0.199 0.160 
125 0.103 0.124 0.114 125 0.112 0.202 0.157 
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126 0.102 0.127 0.115 126 0.099 0.190 0.145 
127 0.093 0.118 0.105 127 0.102 0.188 0.145 
128 0.107 0.138 0.123 128 0.118 0.209 0.164 
129 0.112 0.141 0.127 129 0.106 0.210 0.158 
130 0.106 0.130 0.118 130 0.076 0.203 0.139 
131 0.127 0.148 0.137 131 0.081 0.179 0.130 
132 0.103 0.127 0.115 132 0.089 0.179 0.134 
133 0.103 0.128 0.115 133 0.095 0.191 0.143 
134 0.111 0.135 0.123 134 0.076 0.178 0.127 
135 0.104 0.132 0.118 135 0.114 0.198 0.156 
136 0.120 0.153 0.137 136 0.157 0.243 0.200 
137 0.093 0.126 0.109 137 0.147 0.236 0.192 
138 0.147 0.172 0.160 138 0.097 0.201 0.149 
139 0.132 0.155 0.143 139 0.103 0.196 0.149 
140 0.139 0.160 0.150 140 0.107 0.195 0.151 
141 0.142 0.171 0.156 141 0.136 0.217 0.177 
142 0.112 0.135 0.124 142 0.114 0.200 0.157 
143 0.089 0.118 0.104 143 0.123 0.205 0.164 
144 0.117 0.148 0.132 144 0.141 0.228 0.185 
145 0.122 0.156 0.139 145 0.120 0.216 0.168 
146 0.160 0.186 0.173 146 0.093 0.197 0.145 
147 0.135 0.160 0.147 147 0.096 0.189 0.143 
148 0.121 0.148 0.135 148 0.095 0.184 0.140 
149 0.117 0.141 0.129 149 0.063 0.170 0.116 
150 0.097 0.120 0.108 150 0.097 0.186 0.142 
151 0.139 0.168 0.153 151 0.112 0.247 0.179 
152 0.136 0.173 0.155 152 0.151 0.237 0.194 
153 0.140 0.169 0.154 153 0.151 0.241 0.196 
154 0.151 0.177 0.164 154 0.116 0.214 0.165 
155 0.124 0.142 0.133 155 0.102 0.193 0.148 
156 0.103 0.130 0.116 156 0.102 0.195 0.148 
157 0.109 0.132 0.120 157 0.113 0.193 0.153 
158 0.106 0.128 0.117 158 0.101 0.191 0.146 
159 0.125 0.153 0.139 159 0.129 0.222 0.175 
160 0.134 0.165 0.149 160 0.150 0.240 0.195 
161 0.127 0.157 0.142 161 0.119 0.224 0.172 
162 0.195 0.225 0.210 162 0.108 0.205 0.157 
163 0.148 0.172 0.160 163 0.112 0.200 0.156 
164 0.102 0.125 0.113 164 0.139 0.216 0.178 
165 0.095 0.122 0.109 165 0.139 0.217 0.178 
166 0.097 0.120 0.108 166 0.116 0.210 0.163 
167 0.127 0.152 0.139 167 0.112 0.209 0.160 
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168 0.119 0.150 0.134 168 0.151 0.242 0.197 
169 0.171 0.202 0.187 169 0.125 0.225 0.175 
170 0.161 0.193 0.177 170 0.085 0.192 0.138 
171 0.124 0.147 0.135 171 0.114 0.210 0.162 
172 0.126 0.149 0.137 172 0.132 0.219 0.176 
173 0.153 0.179 0.166 173 0.110 0.211 0.161 
174 0.122 0.147 0.135 174 0.121 0.221 0.171 
175 0.101 0.130 0.116 175 0.138 0.232 0.185 
176 0.131 0.163 0.147 176 0.164 0.250 0.207 
177 0.174 0.207 0.191 177 0.118 0.225 0.172 
178 0.145 0.176 0.161 178 0.102 0.205 0.153 
179 0.105 0.134 0.119 179 0.108 0.214 0.161 
180 0.143 0.171 0.157 180 0.106 0.212 0.159 
181 0.120 0.148 0.134 181 0.130 0.221 0.175 
182 0.144 0.174 0.159 182 0.182 0.258 0.220 
183 0.106 0.136 0.121 183 0.161 0.246 0.204 
184 0.090 0.129 0.110 184 0.171 0.255 0.213 
185 0.115 0.153 0.134 185 0.181 0.267 0.224 
186 0.133 0.163 0.148 186 0.165 0.249 0.207 
187 0.125 0.157 0.141 187 0.181 0.263 0.222 
188 0.128 0.162 0.145 188 0.157 0.243 0.200 
189 0.127 0.162 0.145 189 0.176 0.255 0.215 
190 0.106 0.139 0.122 190 0.251 0.309 0.280 
191 0.078 0.111 0.095 191 0.202 0.275 0.238 
192 0.096 0.131 0.114 192 0.200 0.272 0.236 
193 0.154 0.188 0.171     
194 0.186 0.215 0.200     
195 0.171 0.202 0.186     
196 0.169 0.200 0.185     
197 0.138 0.170 0.154     
198 0.123 0.154 0.138     
199 0.086 0.118 0.102     
200 0.116 0.154 0.135     
 
D.8 Sintering at 1035C 60minutes 
Picture # Intermodes Mean Average Picture # Intermodes Mean Average 
1 0.026 0.139 0.083 1 0.014 0.191 0.103 
2 0.062 0.140 0.101 2 0.011 0.190 0.101 
3 0.128 0.199 0.164 3 0.011 0.190 0.101 
4 0.148 0.210 0.179 4 0.009 0.167 0.088 
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5 0.188 0.246 0.217 5 0.017 0.186 0.102 
6 0.106 0.172 0.139 6 0.012 0.177 0.094 
7 0.145 0.201 0.173 7 0.004 0.187 0.096 
8 0.142 0.200 0.171 8 0.016 0.214 0.115 
9 0.047 0.128 0.088 9 0.018 0.189 0.104 
10 0.054 0.136 0.095 10 0.014 0.194 0.104 
11 0.070 0.150 0.110 11 0.014 0.182 0.098 
12 0.108 0.176 0.142 12 0.017 0.181 0.099 
13 0.188 0.242 0.215 13 0.012 0.192 0.102 
14 0.175 0.230 0.202 14 0.014 0.178 0.096 
15 0.147 0.205 0.176 15 0.013 0.179 0.096 
16 0.149 0.206 0.177 16 0.016 0.206 0.111 
17 0.027 0.138 0.082 17 0.022 0.172 0.097 
18 0.031 0.137 0.084 18 0.016 0.193 0.104 
19 0.066 0.136 0.101 19 0.014 0.182 0.098 
20 0.135 0.197 0.166 20 0.015 0.169 0.092 
21 0.171 0.227 0.199 21 0.009 0.171 0.090 
22 0.188 0.242 0.215 22 0.014 0.196 0.105 
23 0.110 0.175 0.143 23 0.025 0.174 0.100 
24 0.137 0.197 0.167 24 0.008 0.205 0.106 
25 0.041 0.128 0.085 25 0.030 0.181 0.105 
26 0.039 0.124 0.082 26 0.016 0.209 0.113 
27 0.068 0.138 0.103 27 0.020 0.176 0.098 
28 0.083 0.148 0.116 28 0.015 0.185 0.100 
29 0.149 0.207 0.178 29 0.011 0.166 0.089 
30 0.152 0.209 0.180 30 0.010 0.207 0.109 
31 0.150 0.209 0.179 31 0.022 0.173 0.098 
32 0.140 0.198 0.169 32 0.019 0.200 0.110 
33 0.068 0.141 0.105 33 0.018 0.186 0.102 
34 0.098 0.162 0.130 34 0.016 0.208 0.112 
35 0.103 0.173 0.138 35 0.014 0.195 0.105 
36 0.119 0.180 0.149 36 0.013 0.183 0.098 
37 0.130 0.185 0.157 37 0.018 0.186 0.102 
38 0.153 0.206 0.180 38 0.013 0.204 0.109 
39 0.148 0.205 0.176 39 0.017 0.184 0.101 
40 0.141 0.197 0.169 40 0.018 0.214 0.116 
41 0.053 0.129 0.091 41 0.018 0.178 0.098 
42 0.079 0.155 0.117 42 0.016 0.195 0.106 
43 0.073 0.134 0.103 43 0.013 0.184 0.098 
44 0.112 0.168 0.140 44 0.013 0.188 0.101 
45 0.143 0.196 0.169 45 0.014 0.171 0.093 
46 0.128 0.186 0.157 46 0.015 0.190 0.103 
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47 0.112 0.175 0.144 47 0.015 0.172 0.093 
48 0.110 0.178 0.144 48 0.022 0.204 0.113 
49 0.056 0.129 0.093 49 0.024 0.176 0.100 
50 0.064 0.140 0.102 50 0.016 0.196 0.106 
51 0.081 0.142 0.111 51 0.011 0.209 0.110 
52 0.118 0.177 0.148 52 0.010 0.183 0.097 
53 0.144 0.201 0.172 53 0.015 0.187 0.101 
54 0.164 0.214 0.189 54 0.014 0.177 0.096 
55 0.122 0.180 0.151 55 0.016 0.192 0.104 
56 0.108 0.176 0.142 56 0.017 0.202 0.110 
57 0.068 0.138 0.103 57 0.013 0.180 0.096 
58 0.043 0.119 0.081 58 0.014 0.174 0.094 
59 0.104 0.162 0.133 59 0.013 0.172 0.092 
60 0.118 0.180 0.149 60 0.016 0.192 0.104 
61 0.126 0.183 0.155 61 0.016 0.189 0.102 
62 0.153 0.205 0.179 62 0.018 0.168 0.093 
63 0.136 0.193 0.165 63 0.012 0.182 0.097 
64 0.120 0.188 0.154 64 0.022 0.188 0.105 
65 0.089 0.132 0.111 65 0.014 0.200 0.107 
66 0.057 0.129 0.093 66 0.017 0.186 0.102 
67 0.097 0.160 0.129 67 0.016 0.180 0.098 
68 0.118 0.184 0.151 68 0.012 0.172 0.092 
69 0.105 0.167 0.136 69 0.020 0.172 0.096 
70 0.121 0.207 0.164 70 0.022 0.164 0.093 
71 0.134 0.194 0.164 71 0.012 0.177 0.095 
72 0.121 0.189 0.155 72 0.017 0.188 0.103 
73 0.032 0.111 0.072 73 0.014 0.189 0.102 
74 0.030 0.110 0.070 74 0.013 0.178 0.096 
75 0.066 0.136 0.101 75 0.011 0.202 0.106 
76 0.072 0.139 0.106 76 0.012 0.186 0.099 
77 0.086 0.151 0.119 77 0.008 0.175 0.091 
78 0.143 0.204 0.174 78 0.017 0.177 0.097 
79 0.073 0.204 0.138 79 0.013 0.171 0.092 
80 0.093 0.163 0.128 80 0.017 0.192 0.104 
81 0.053 0.124 0.088 81 0.018 0.176 0.097 
82 0.054 0.133 0.094 82 0.019 0.175 0.097 
83 0.081 0.151 0.116 83 0.014 0.182 0.098 
84 0.073 0.136 0.104 84 0.010 0.173 0.092 
85 0.111 0.171 0.141 85 0.011 0.195 0.103 
86 0.145 0.204 0.175 86 0.015 0.200 0.108 
87 0.145 0.202 0.174 87 0.018 0.182 0.100 
88 0.121 0.181 0.151 88 0.039 0.183 0.111 
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89 0.056 0.129 0.092 89 0.039 0.175 0.107 
90 0.058 0.132 0.095 90 0.025 0.179 0.102 
91 0.080 0.148 0.114 91 0.016 0.185 0.101 
92 0.115 0.176 0.146 92 0.006 0.180 0.093 
93 0.108 0.164 0.136 93 0.019 0.183 0.101 
94 0.120 0.198 0.159 94 0.022 0.164 0.093 
95 0.113 0.170 0.141 95 0.020 0.188 0.104 
96 0.120 0.180 0.150 96 0.032 0.199 0.116 
97 0.028 0.114 0.071 97 0.013 0.201 0.107 
98 0.049 0.124 0.086 98 0.010 0.223 0.116 
99 0.062 0.135 0.098 99 0.012 0.180 0.096 
100 0.063 0.132 0.097 100 0.015 0.159 0.087 
101 0.122 0.182 0.152 101 0.022 0.168 0.095 
102 0.161 0.223 0.192 102 0.024 0.183 0.103 
103 0.124 0.186 0.155 103 0.016 0.171 0.094 
104 0.116 0.185 0.151 104 0.026 0.192 0.109 
105 0.028 0.114 0.071 105 0.020 0.175 0.097 
106 0.034 0.112 0.073 106 0.012 0.206 0.109 
107 0.061 0.138 0.100 107 0.019 0.182 0.101 
108 0.052 0.124 0.088 108 0.024 0.171 0.097 
109 0.115 0.180 0.147 109 0.021 0.175 0.098 
110 0.115 0.179 0.147 110 0.017 0.195 0.106 
111 0.073 0.171 0.122 111 0.020 0.176 0.098 
112 0.088 0.146 0.117 112 0.020 0.184 0.102 
113 0.026 0.128 0.077 113 0.016 0.177 0.097 
114 0.044 0.131 0.088 114 0.012 0.198 0.105 
115 0.063 0.136 0.100 115 0.013 0.180 0.096 
116 0.053 0.124 0.089 116 0.018 0.164 0.091 
117 0.122 0.183 0.153 117 0.013 0.193 0.103 
118 0.110 0.170 0.140 118 0.014 0.164 0.089 
119 0.120 0.160 0.140 119 0.019 0.184 0.101 
120 0.114 0.190 0.152 120 0.016 0.205 0.110 
121 0.044 0.118 0.081 121 0.019 0.181 0.100 
122 0.062 0.125 0.093 122 0.012 0.213 0.113 
123 0.058 0.128 0.093 123 0.011 0.182 0.096 
124 0.129 0.149 0.139 124 0.015 0.157 0.086 
125 0.142 0.157 0.149 125 0.020 0.176 0.098 
126 0.132 0.150 0.141 126 0.015 0.187 0.101 
127 0.138 0.203 0.171 127 0.018 0.178 0.098 
128 0.140 0.163 0.151 128 0.014 0.189 0.102 
129 0.075 0.118 0.096 129 0.018 0.190 0.104 
130 0.045 0.116 0.080 130 0.017 0.179 0.098 
96 
 
 
131 0.086 0.125 0.105 131 0.019 0.169 0.094 
132 0.124 0.148 0.136 132 0.018 0.180 0.099 
133 0.116 0.144 0.130 133 0.017 0.196 0.106 
134 0.136 0.133 0.135 134 0.015 0.163 0.089 
135 0.131 0.150 0.141 135 0.013 0.196 0.105 
136 0.079 0.128 0.103 136 0.013 0.201 0.107 
137 0.043 0.106 0.075 137 0.026 0.158 0.092 
138 0.052 0.145 0.099 138 0.016 0.182 0.099 
139 0.062 0.136 0.099 139 0.015 0.181 0.098 
140 0.130 0.154 0.142 140 0.012 0.186 0.099 
141 0.128 0.149 0.139 141 0.013 0.182 0.098 
142 0.133 0.152 0.143 142 0.020 0.163 0.092 
143 0.155 0.164 0.160 143 0.013 0.195 0.104 
144 0.130 0.153 0.142 144 0.014 0.206 0.110 
145 0.064 0.130 0.097 145 0.017 0.176 0.096 
146 0.059 0.137 0.098 146 0.018 0.181 0.100 
147 0.086 0.137 0.111 147 0.020 0.156 0.088 
148 0.090 0.136 0.113 148 0.025 0.155 0.090 
149 0.086 0.133 0.110 149 0.023 0.166 0.095 
150 0.083 0.127 0.105 150 0.014 0.177 0.096 
151 0.074 0.127 0.101 151 0.013 0.194 0.104 
152 0.098 0.138 0.118 152 0.016 0.199 0.107 
153 0.042 0.135 0.088 153 0.018 0.185 0.101 
154 0.077 0.129 0.103 154 0.015 0.178 0.096 
155 0.066 0.138 0.102 155 0.016 0.176 0.096 
156 0.095 0.139 0.117 156 0.020 0.155 0.088 
157 0.093 0.141 0.117 157 0.025 0.165 0.095 
158 0.084 0.135 0.110 158 0.011 0.176 0.094 
159 0.106 0.143 0.124 159 0.016 0.186 0.101 
160 0.079 0.134 0.106 160 0.016 0.199 0.108 
161 0.048 0.117 0.082 161 0.024 0.168 0.096 
162 0.059 0.136 0.097 162 0.024 0.171 0.097 
163 0.079 0.131 0.105 163 0.023 0.160 0.092 
164 0.090 0.139 0.114 164 0.028 0.150 0.089 
165 0.082 0.136 0.109 165 0.020 0.149 0.085 
166 0.103 0.133 0.118 166 0.023 0.163 0.093 
167 0.117 0.145 0.131 167 0.014 0.177 0.096 
168 0.136 0.161 0.149 168 0.017 0.191 0.104 
169 0.041 0.129 0.085 169 0.039 0.164 0.102 
170 0.061 0.157 0.109 170 0.035 0.169 0.102 
171 0.099 0.153 0.126 171 0.013 0.199 0.106 
172 0.071 0.152 0.112 172 0.013 0.159 0.086 
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173 0.079 0.129 0.104 173 0.013 0.147 0.080 
174 0.069 0.125 0.097 174 0.017 0.179 0.098 
175 0.095 0.137 0.116 175 0.012 0.215 0.114 
176 0.116 0.150 0.133 176 0.014 0.206 0.110 
177 0.047 0.135 0.091 177 0.036 0.162 0.099 
178 0.053 0.138 0.095 178 0.016 0.189 0.102 
179 0.053 0.141 0.097 179 0.012 0.213 0.112 
180 0.100 0.146 0.123 180 0.014 0.194 0.104 
181 0.113 0.144 0.129 181 0.017 0.160 0.088 
182 0.096 0.131 0.113 182 0.014 0.188 0.101 
183 0.073 0.136 0.105 183 0.014 0.202 0.108 
184 0.093 0.139 0.116 184 0.015 0.196 0.105 
185 0.041 0.142 0.091 185 0.031 0.169 0.100 
186 0.025 0.166 0.095 186 0.023 0.197 0.110 
187 0.079 0.132 0.106 187 0.022 0.199 0.111 
188 0.130 0.157 0.144 188 0.013 0.196 0.104 
189 0.137 0.156 0.146 189 0.012 0.170 0.091 
190 0.112 0.143 0.128 190 0.013 0.192 0.103 
191 0.082 0.132 0.107 191 0.007 0.197 0.102 
192 0.081 0.133 0.107 192 0.012 0.196 0.104 
193 0.049 0.126 0.088 193 0.010 0.198 0.104 
194 0.039 0.138 0.089 194 0.009 0.209 0.109 
195 0.049 0.131 0.090 195 0.013 0.203 0.108 
196 0.102 0.140 0.121 196 0.007 0.172 0.089 
197 0.110 0.142 0.126 197 0.007 0.160 0.084 
198 0.116 0.147 0.132 198 0.011 0.199 0.105 
199 0.120 0.151 0.135 199 0.014 0.204 0.109 
200 0.137 0.164 0.150 200 0.018 0.204 0.111 
201 0.041 0.120 0.080 201       
202 0.042 0.155 0.099 202       
203 0.072 0.129 0.100 203       
204 0.090 0.136 0.113 204       
205 0.135 0.154 0.144 205       
206 0.127 0.151 0.139 206       
207 0.138 0.165 0.152 207       
208 0.171 0.191 0.181 208       
209 0.065 0.144 0.104     
210 0.045 0.153 0.099     
211 0.052 0.135 0.094     
212 0.066 0.139 0.102     
213 0.111 0.147 0.129     
214 0.099 0.140 0.120     
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215 0.096 0.145 0.121     
216 0.114 0.167 0.140     
217 0.053 0.139 0.096     
218 0.047 0.138 0.092     
219 0.069 0.140 0.105     
220 0.092 0.139 0.115     
221 0.116 0.146 0.131     
222 0.115 0.151 0.133     
223 0.110 0.160 0.135     
224 0.126 0.178 0.152     
 
D.9 Sintering at 1035C 120minutes 
Picture # Intermodes Mean Average Picture # Intermodes Mean Average 
1 0.017 0.197 0.107 1 0.018 0.253 0.136 
2 0.021 0.176 0.098 2 0.015 0.242 0.129 
3 0.025 0.172 0.098 3 0.020 0.223 0.122 
4 0.030 0.157 0.094 4 0.023 0.215 0.119 
5 0.027 0.150 0.089 5 0.016 0.211 0.113 
6 0.034 0.155 0.095 6 0.009 0.226 0.118 
7 0.029 0.167 0.098 7 0.011 0.203 0.107 
8 0.048 0.160 0.104 8 0.029 0.203 0.116 
9 0.015 0.203 0.109 9 0.010 0.253 0.132 
10 0.021 0.184 0.102 10 0.008 0.249 0.128 
11 0.030 0.168 0.099 11 0.017 0.228 0.122 
12 0.053 0.151 0.102 12 0.017 0.241 0.129 
13 0.068 0.154 0.111 13 0.011 0.268 0.139 
14 0.037 0.157 0.097 14 0.018 0.244 0.131 
15 0.021 0.178 0.100 15 0.016 0.228 0.122 
16 0.027 0.172 0.099 16 0.017 0.229 0.123 
17 0.019 0.192 0.106 17 0.007 0.251 0.129 
18 0.018 0.193 0.105 18 0.020 0.229 0.125 
19 0.027 0.174 0.101 19 0.023 0.214 0.118 
20 0.030 0.152 0.091 20 0.019 0.238 0.128 
21 0.061 0.155 0.108 21 0.037 0.192 0.115 
22 0.077 0.169 0.123 22 0.029 0.200 0.114 
23 0.038 0.156 0.097 23 0.022 0.226 0.124 
24 0.030 0.169 0.100 24 0.017 0.230 0.124 
25 0.014 0.204 0.109 25 0.010 0.262 0.136 
26 0.014 0.215 0.114 26 0.010 0.247 0.129 
27 0.024 0.175 0.100 27 0.013 0.251 0.132 
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28 0.036 0.141 0.088 28 0.007 0.279 0.143 
29 0.048 0.141 0.095 29 0.013 0.242 0.128 
30 0.060 0.156 0.108 30 0.018 0.224 0.121 
31 0.039 0.144 0.092 31 0.009 0.250 0.130 
32 0.054 0.152 0.103 32 0.016 0.215 0.116 
33 0.025 0.167 0.096 33 0.014 0.251 0.133 
34 0.016 0.170 0.093 34 0.022 0.206 0.114 
35 0.024 0.153 0.089 35 0.029 0.203 0.116 
36 0.038 0.139 0.089 36 0.023 0.225 0.124 
37 0.039 0.135 0.087 37 0.016 0.231 0.123 
38 0.045 0.140 0.093 38 0.005 0.262 0.134 
39 0.044 0.141 0.092 39 0.007 0.248 0.127 
40 0.042 0.145 0.093 40 0.015 0.216 0.115 
41 0.020 0.175 0.097 41 0.024 0.254 0.139 
42 0.014 0.186 0.100 42 0.006 0.260 0.133 
43 0.025 0.157 0.091 43 0.012 0.232 0.122 
44 0.037 0.149 0.093 44 0.018 0.222 0.120 
45 0.044 0.141 0.092 45 0.015 0.221 0.118 
46 0.037 0.140 0.088 46 0.013 0.244 0.129 
47 0.029 0.149 0.089 47 0.012 0.244 0.128 
48 0.025 0.155 0.090 48 0.014 0.211 0.113 
49 0.023 0.168 0.096 49 0.012 0.261 0.136 
50 0.025 0.162 0.094 50 0.020 0.210 0.115 
51 0.033 0.150 0.091 51 0.019 0.206 0.113 
52 0.024 0.153 0.089 52 0.023 0.213 0.118 
53 0.058 0.146 0.102 53 0.026 0.224 0.125 
54 0.055 0.149 0.102 54 0.020 0.225 0.123 
55 0.042 0.143 0.092 55 0.004 0.232 0.118 
56 0.052 0.143 0.097 56 0.016 0.208 0.112 
57 0.026 0.168 0.097 57 0.031 0.250 0.141 
58 0.026 0.159 0.093 58 0.022 0.222 0.122 
59 0.027 0.149 0.088 59 0.022 0.217 0.120 
60 0.034 0.157 0.096 60 0.015 0.244 0.129 
61 0.058 0.151 0.104 61 0.019 0.226 0.123 
62 0.056 0.146 0.101 62 0.033 0.202 0.118 
63 0.031 0.139 0.085 63 0.011 0.244 0.127 
64 0.038 0.140 0.089 64 0.022 0.203 0.113 
65 0.016 0.180 0.098 65 0.034 0.246 0.140 
66 0.015 0.179 0.097 66 0.019 0.225 0.122 
67 0.022 0.160 0.091 67 0.033 0.201 0.117 
68 0.033 0.145 0.089 68 0.007 0.245 0.126 
69 0.050 0.142 0.096 69 0.017 0.235 0.126 
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70 0.036 0.147 0.091 70 0.013 0.228 0.121 
71 0.041 0.141 0.091 71 0.035 0.210 0.122 
72 0.043 0.153 0.098 72 0.014 0.236 0.125 
73 0.017 0.173 0.095 73 0.031 0.230 0.131 
74 0.019 0.164 0.091 74 0.016 0.233 0.125 
75 0.024 0.151 0.088 75 0.016 0.238 0.127 
76 0.034 0.136 0.085 76 0.020 0.218 0.119 
77 0.036 0.147 0.091 77 0.022 0.225 0.124 
78 0.028 0.153 0.090 78 0.027 0.208 0.117 
79 0.022 0.158 0.090 79 0.022 0.225 0.124 
80 0.028 0.160 0.094 80 0.020 0.225 0.122 
81 0.017 0.191 0.104 81 0.017 0.248 0.133 
82 0.028 0.159 0.094 82 0.020 0.234 0.127 
83 0.022 0.149 0.086 83 0.016 0.231 0.124 
84 0.034 0.141 0.088 84 0.022 0.233 0.127 
85 0.025 0.150 0.087 85 0.025 0.210 0.118 
86 0.032 0.139 0.086 86 0.026 0.206 0.116 
87 0.040 0.144 0.092 87 0.016 0.228 0.122 
88 0.050 0.155 0.102 88 0.018 0.223 0.120 
89 0.016 0.178 0.097 89 0.023 0.246 0.134 
90 0.016 0.179 0.098 90 0.009 0.252 0.131 
91 0.021 0.162 0.091 91 0.015 0.231 0.123 
92 0.043 0.139 0.091 92 0.018 0.231 0.125 
93 0.053 0.142 0.097 93 0.022 0.217 0.120 
94 0.026 0.150 0.088 94 0.015 0.230 0.122 
95 0.033 0.138 0.085 95 0.015 0.243 0.129 
96 0.028 0.149 0.089 96 0.020 0.212 0.116 
97 0.019 0.196 0.107 97 0.032 0.237 0.135 
98 0.012 0.190 0.101 98 0.008 0.259 0.134 
99 0.023 0.184 0.103 99 0.020 0.224 0.122 
100 0.026 0.159 0.092 100 0.017 0.228 0.122 
101 0.025 0.153 0.089 101 0.016 0.232 0.124 
102 0.036 0.146 0.091 102 0.027 0.203 0.115 
103 0.021 0.166 0.093 103 0.026 0.208 0.117 
104 0.033 0.156 0.094 104 0.027 0.239 0.133 
105 0.019 0.177 0.098 105 0.032 0.234 0.133 
106 0.014 0.201 0.108 106 0.014 0.248 0.131 
107 0.024 0.170 0.097 107 0.018 0.224 0.121 
108 0.019 0.165 0.092 108 0.028 0.218 0.123 
109 0.025 0.165 0.095 109 0.024 0.216 0.120 
110 0.033 0.165 0.099 110 0.017 0.228 0.123 
111 0.022 0.182 0.102 111 0.017 0.237 0.127 
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112 0.038 0.167 0.102 112 0.011 0.243 0.127 
113 0.018 0.191 0.104 113 0.024 0.238 0.131 
114 0.011 0.207 0.109 114 0.025 0.239 0.132 
115 0.027 0.164 0.095 115 0.028 0.220 0.124 
116 0.019 0.174 0.097 116 0.013 0.238 0.125 
117 0.030 0.168 0.099 117 0.019 0.236 0.128 
118 0.030 0.167 0.098 118 0.019 0.214 0.117 
119 0.031 0.163 0.097 119 0.026 0.214 0.120 
120 0.031 0.172 0.101 120 0.013 0.233 0.123 
121 0.011 0.216 0.114 121 0.026 0.228 0.127 
122 0.012 0.208 0.110 122 0.021 0.232 0.126 
123 0.025 0.167 0.096 123 0.012 0.244 0.128 
124 0.025 0.172 0.098 124 0.010 0.235 0.123 
125 0.026 0.159 0.093 125 0.017 0.238 0.127 
126 0.031 0.153 0.092 126 0.020 0.224 0.122 
127 0.021 0.155 0.088 127 0.016 0.206 0.111 
128 0.025 0.160 0.092 128 0.010 0.206 0.108 
129 0.011 0.194 0.102 129 0.045 0.222 0.134 
130 0.014 0.184 0.099 130 0.023 0.221 0.122 
131 0.025 0.172 0.098 131 0.012 0.233 0.123 
132 0.030 0.164 0.097 132 0.032 0.202 0.117 
133 0.032 0.158 0.095 133 0.020 0.215 0.117 
134 0.020 0.167 0.093 134 0.015 0.247 0.131 
135 0.026 0.156 0.091 135 0.017 0.244 0.130 
136 0.021 0.173 0.097 136 0.007 0.261 0.134 
137 0.014 0.215 0.115 137 0.024 0.236 0.130 
138 0.011 0.202 0.107 138 0.010 0.245 0.128 
139 0.021 0.188 0.104 139 0.011 0.233 0.122 
140 0.030 0.180 0.105 140 0.010 0.256 0.133 
141 0.035 0.174 0.105 141 0.016 0.241 0.129 
142 0.020 0.176 0.098 142 0.023 0.229 0.126 
143 0.023 0.170 0.097 143 0.025 0.220 0.122 
144 0.016 0.187 0.102 144 0.010 0.228 0.119 
145 0.013 0.220 0.117 145 0.015 0.260 0.138 
146 0.007 0.240 0.124 146 0.009 0.269 0.139 
147 0.022 0.186 0.104 147 0.010 0.236 0.123 
148 0.020 0.174 0.097 148 0.015 0.241 0.128 
149 0.021 0.176 0.099 149 0.024 0.218 0.121 
150 0.022 0.175 0.099 150 0.031 0.203 0.117 
151 0.027 0.171 0.099 151 0.011 0.235 0.123 
152 0.014 0.203 0.108 152 0.002 0.226 0.114 
153 0.015 0.210 0.112 153 0.005 0.269 0.137 
102 
 
 
154 0.007 0.229 0.118 154 0.009 0.245 0.127 
155 0.016 0.183 0.100 155 0.004 0.248 0.126 
156 0.023 0.183 0.103 156 0.014 0.248 0.131 
157 0.026 0.163 0.095 157 0.017 0.209 0.113 
158 0.020 0.186 0.103 158 0.019 0.221 0.120 
159 0.023 0.165 0.094 159 0.013 0.235 0.124 
160 0.016 0.190 0.103 160 0.007 0.232 0.120 
161 0.000 0.204 0.102 161 0.029 0.255 0.142 
162 0.024 0.208 0.116 162 0.015 0.229 0.122 
163 0.017 0.190 0.104 163 0.007 0.248 0.127 
164 0.026 0.170 0.098 164 0.015 0.228 0.122 
165 0.025 0.165 0.095 165 0.020 0.217 0.118 
166 0.024 0.171 0.097 166 0.012 0.237 0.125 
167 0.021 0.171 0.096 167 0.009 0.227 0.118 
168 0.020 0.188 0.104 168 0.008 0.203 0.106 
169 0.048 0.211 0.130 169 0.002 0.265 0.133 
170 0.014 0.190 0.102 170 0.005 0.241 0.123 
171 0.025 0.191 0.108 171 0.006 0.243 0.125 
172 0.016 0.190 0.103 172 0.010 0.249 0.129 
173 0.022 0.170 0.096 173 0.014 0.218 0.116 
174 0.029 0.164 0.096 174 0.008 0.262 0.135 
175 0.023 0.170 0.096 175 0.007 0.241 0.124 
176 0.031 0.167 0.099 176 0.006 0.210 0.108 
177 0.008 0.214 0.111 177 0.015 0.255 0.135 
178 0.025 0.194 0.110 178 0.006 0.257 0.131 
179 0.017 0.198 0.108 179 0.007 0.239 0.123 
180 0.022 0.185 0.104 180 0.014 0.238 0.126 
181 0.024 0.175 0.099 181 0.009 0.243 0.126 
182 0.014 0.203 0.108 182 0.014 0.231 0.123 
183 0.016 0.184 0.100 183 0.008 0.245 0.126 
184 0.017 0.197 0.107 184 0.002 0.250 0.126 
185 0.000 0.207 0.104 185 0.005 0.257 0.131 
186 0.008 0.223 0.116 186 0.004 0.258 0.131 
187 0.018 0.192 0.105 187 0.007 0.265 0.136 
188 0.018 0.195 0.107 188 0.009 0.259 0.134 
189 0.020 0.186 0.103 189 0.013 0.236 0.125 
190 0.026 0.176 0.101 190 0.014 0.217 0.116 
191 0.026 0.181 0.104 191 0.011 0.239 0.125 
192 0.027 0.186 0.107 192 0.008 0.220 0.114 
193 0.019 0.218 0.119 193 0.014 0.250 0.132 
194 0.008 0.237 0.122 194 0.007 0.252 0.130 
195 0.046 0.203 0.125 195 0.008 0.243 0.126 
103 
 
 
196 0.020 0.192 0.106 196 0.013 0.220 0.117 
197 0.014 0.195 0.104 197 0.021 0.228 0.124 
198 0.022 0.183 0.103 198 0.010 0.231 0.121 
199 0.029 0.172 0.100 199 0.005 0.244 0.125 
200 0.023 0.181 0.102 200 0.009 0.230 0.120 
201 0.026 0.200 0.113 201 0.003 0.234 0.118 
202 0.022 0.204 0.113 202 0.007 0.234 0.121 
203 0.009 0.218 0.114 203 0.010 0.234 0.122 
204 0.023 0.187 0.105 204 0.014 0.235 0.124 
205 0.021 0.195 0.108 205 0.016 0.235 0.126 
206 0.020 0.188 0.104 206 0.014 0.235 0.125 
207 0.026 0.183 0.105 207 0.011 0.236 0.123 
208 0.023 0.193 0.108 208 0.018 0.236 0.127 
 
